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Mathematics Books 
for 
Today and Tomorrow 


Kells, Kern, Bland and Orleans’ 


ELEMENTS OF TRIGO- | 
NOMETRY 
Plane and Spherical with Applications 


Simplified trigonometry with a variety of 
practical applications. $1.80 


= Cooke and Orleans’ 


MATHEMATICS ESSENTIAL 
Ss TO ELECTRICITY AND 
RADIO 


ma Applies mathematics to everyday prob- 
Me lems in electrical and radio work. $2.40 


Naidich’s 
MATHEMATICS OF FLIGHT 
Algebra, geometry and _ trigonometry 


needed for pre-flight training. Includes 
principles of aerodynamics. $2.20 


Greitzer’s 
ELEMENTARY TOPOGRA- 
PHY AND MAP READING 


An easy-to-grasp, interesting course for 
secondary schools. $1.60 


Hanson’s 
MILITARY APPLICATIONS 
OF MATHEMATICS 


Applies mathematics to problems in all 
branches of military service. $2.40 


Van Leuven’s 
GENERAL TRADE 
MATHEMATICS 


Mathematics applied to the work of all the 
basic trades. $2.50 


Send for copies on approval and for new Mathematics Booklet 


McGRAW-HILL BOOK COMPANY, INC. 


330 West 42nd Street 


New York 18, N. Y. 
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Christmas Tree Crossword Puzzle* 


* See page 372 for key. 
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HORIZONTAL 


. A part of the circumference of a circle. 

. Number of lines which can be drawn 
through a point parallel to a given line. 

. Branch of mathematics (abbreviation) 

. Material often used in drawing mathemati- 
cal figures in a schoolroom. 

. Name of angle formed between one side of a 
triangle and the extension of another side. 
(abbreviation) 

. First and last letters of the name of the 
famous Greek mathematician who compiled 
the first geometry textbook. 

. Unit of measurement. 

. A measure of area with which farmers are 
especially familiar. 

. A geometric figure which is frequently dis- 
played at Christmas time. 

. The perpendicular distance from any vertex 
of a triangle to the opposite side. (abbrevia- 
tion) 

. Abbreviation of the word “number.” 

. First and fourth letters of one of the 
digits. 

. An equilateral quadrilateral. (abbrevia- 
tion) 

. To divide into two equal parts. 

. A prefix meaning “two.” 

. The side opposite an acute angle in a right 
triangle. 

. Athree-sided polygon. 

. A small number. 

. A geometrical figure in which tombs of 
Egyptian kings have been found. 

. Two angles which form a right angle are 
are said to be . (abbreviation) 

. An abbreviation of a term often used in an 
advanced study of exponents. 

. The longest side of a right triangle. (ab- 
breviation) 

. The first three letters of the name of a 
perpendicular from the center of a regular 
polygon to one of its sides. 

. A two-digit number. 

. The point at which two rays meet to form 
an angle. 

. A line extending in only one direction from 
a fixed point. 

. One of the regular polyhedrons. 

. To find a sum: 

. First two letters of a special quadrilateral. 

. A mathematical figure often served in edi- 
ble form. 

. Two lines in the same plane, which do not 
meet no matter how far they are extended, 
are said to be : 

. A general statement assumed to be true. 


52. Arhombus has four equal ones. “~~ 


. A method of proving triangles congruent. 
(abbreviation) 

. The way a geometry student feels when he 
has completed a difficult problem. 

. The longest chord that can be drawn in a 
circle. (abbreviation) 


. An abbreviation of the following theorem: 


“Two triangles are congruent if one side, 
the opposite angle, and another angle of 
one triangle are equal respectively to one 
side, the opposite angle, and another angle 
of the second triangle.” 


. The hypothesis contains this information. 
. Aspecial quadrilateral. 


VERTICAL 


. People of this nationality contributed a great 


deal to our knowledge of geometry. 


. The figure formed when two rays meet. 
. Number of sides in a hexagon. 
. A line drawn from any vertex of a triangle 


to the midpoint of the opposite side. 


. The geometric figure which a sunflower 


suggests. 


. The “center” at which the altitudes of a 


triangle are concurrent. 


. First two letters of a term used as a measure 


of angles. 


. If a triangle has at least two sides equal, 


it is said to be . (abbreviation) 


. First and last letters of a branch of mathe- 


matics. 


. The shortest distance between two points 


is a straight 


. An angle containing less than ninety degrees 


is said to be 


. Aclosed four-sided figure. 
. The point located when a line is bisected. 
. The _______ angles of an isosceles tri- 


angle are equal. 


. “The laws of nature are but the mathe- 


matical thoughts of 


. The number of equal parts into which an 


angle is divided when it is bisected. 


. A country in which geometry was studied 


hundreds of years ago. 


. An abbreviation for a unit of measure- 


ment. 
—_________ sides and angles of congruent 
triangles are equal. (abbreviation) 


. A surface such that a straight line connect- 


ing any two points in it will lie completely 
in that surface. 


. The statement “The whole equals the sum 


of its parts” is known as an 


. Aunit of measurement. 
. A school supply often used by students of 


mathematics. 


. Sometimes a mathematics students needs 


to be ______ by the teacher. 


. An instrument used by geometry students. 
. A method of proving triangles congruent. 


(abbreviation) 


. The hypothesis of a theorem often begins 


with this word. 


. A device used by teachers to test students’ 


knowledge. 


. A line connecting opposite corners of a 


parallelogram, for example, is called a 
. (abbreviation) 


. A regular hexahedron. 
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A Geometry Textbook That 
Meets the Needs of Today 


MODERN-SCHOOL 


GEOMETRY 


REVISED, AND WITH AERONAUTICS SUPPLEMENT 


By JOHN R. CLARK and ROLLAND R. SMITH 


WITH THE COOPERATION OF 


RALEIGH SCHORLING 
University of Michigan 


Mathematical training for today’s technological needs is a primary purpose of the revision 
of this widely used textbook. The student who uses it is led to an appreciation of rigorous 
training in geometry. Its applications are practical; its illustrative materials timely. An 
example of the way in which it covers the interests and needs of high school students today 
is the concluding section on Geometry in Aeronautics. 


Modern-School Geometry was written with full knowledge of the common difficulties that 
students meet in geometry. A course was planned that would avoid or minimize the usual 
pitfalls. 


The first four chapters give practice in complex figure analysis and preparation for formal 
proof. In 100 pages leading up to the first formal proof of a theorem, an understanding of 
the nature and method of deductive proof is skillfully built up. The student is led to appre- 
ciate the importance of definitions, assumptions, hypotheses, and conclusions. Abundant 
practice is provided in discriminating between valid and fallacious conclusions. 


The student is required to think through his work, to learn by his own activity. Almost 
two thousand exercises test his understanding of principles and ability to apply them. Chapter 
tests, review exercises, and practical applications are provided. 


WORLD BOOK COMPANY 


Yonkers-on-Hudson 5, New York 2126 Prairie Avenue, Chicago 16 
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Edited by William David Reeve 


Psychological Points of View on the 
Teaching of Arithmetic 


By Dr. H. V. BARAVALLE 
Adelphi College, Garden City, New York 


THE PSYCHOLOGICAL point of view fo- 
cuses primarily on the effect which the 
learning of a subject has on the mind itself. 
It seeks to find out the creative impulses 
which can be conveyed, for instance, 
through the lessons of arithmetic during 
the various grades. 

Already with children at an early age, 
even before they enter school, phenomena 
due to creative contact with numbers can 
be observed. When the child begins to 
count he becomes aware of the fact that 
his use of the words one, two, three, four 
ete. is different from his usual speech. 
They have their regular sequence. The 
word “one” always comes first in counting. 
The word ‘‘two” has to wait until one has 
passed and “‘three’”’ must wait even longer, 
etc. Each one of these little words is pre- 
ceded by another one and in its turn it is 
the key word for the following one. If a 
child is given the opportunity to count out 
loud repeatedly, the impression of this se- 
quence of words is strengthened and a joy- 
ful response is awakened. The fact that 
the child hears himself speak connectedly 
in counting calls forth the satisfaction of 
moving within an ordered sequence. This 
satisfaction does not derive from indulging 
in subjective arbitrariness, but from par- 
taking in lawfulness. 


From simple counting arithmetic les- 
sons can proceed in the first grade to rhyth- 
mic counting, accentuating some numbers 
in contrast to others. This can be done by 
speaking them louder or by pronouncing 
them more distinctly and slowly in com- 
parison to others passed over more quickly. 
As an example accent every third number 
when counting and the sequence obtained 
is: 


123 456 789 101112--- 


By accentuating every fourth number the 
following sequence results: 


1234 5678 9101112 13141516 --- 


Multiplication tables are obtained by 
making a choice among the complete se- 
quence of numbers, that is dropping some 
and retaining others in rhythmic order. To 
the child’s first impression of the set order 
in numbers there now comes an additional 
one, that of making regulated choices from 
their original sequence. In connection 
with these exercises the pupils can walk or 
clap their hands in rhythm with the count- 
ing, or perform any similar motion. Intro- 
ducing the element of rhythm into arith- 
metic brings it close to experiences the 
child has had in music. 

In the historical development of mathe- 
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matics during the Greek period mathe- 
matical procedures of a rhythmic nature 
were already applied. Eratosthenes, for 
instance, when determining the prime 
numbers went repeatedly over the regular 
sequence of numbers and eliminated first 
every second number that followed 2, 
thus: 


12345678910 1112131415.--- 


Then he eliminated also every third num- 
ber that followed 3, thus: 


12345678910 1112137475--- 


When taking up four its whole row is 
found already eliminated. By crossing out 
every fifth number that follows 5 some 
numbers like 10, 15 and 20 are found al- 
ready eliminated. The first number re- 
maining to be crossed out is 25. The num- 
bers that remain after the whole procedure 
has been completed are the prime num- 
bers. 

Another view on arithmetic from the 
psychological angle is derived from the 
very nature of numbers. Numbers lead 
the activity of the mind beyond immediate 
perception. We do not perceive numbers 
as sense phenomena, as we do colors, 
sounds, etc.; numbers arise in our mind in 
addition to sense observation. This fact 
becomes apparent when we recognize the 
motive behind an impetus to count. The 
leaves on a branch of a tree, for instance, 
would not excite in us a desire to count 
them—the result obtained would not be 
worth the effort. The case is different with 
the petals of a flower, for their number is 
often characteristic of the blossom and de- 
termines its shape. What makes it reason- 
able to count in one case and not in the 
other is the existence or lack of a relation- 
ship between the elements that we count. 
This is recognized in the fact that apples 
and pears can be added only after a rela- 
tionship between apples and pears has 
been established under the common con- 
cept “fruit.” 

The process of counting can be studied 
by emptying a basket of apples on a table. 
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Involuntarily with the hand, or only in 
our thoughts, we arrange them in groups 
and count them as 3+4+2 or 3+3-+3. 
Nine objects, lying about on the table, can 
then be counted at the first glance. In the 
following the 9 points are arranged first 
without order, then as 3X3 in a square: 


9 points in 


9 points arranged 
broken order 


in a square 


9 points arranged in a square 
standing on end 
The successive horizontal lines contain in 
the square standing on end 1+2+3+42+1 
points. Similarly four times four points 
lead to the following result: 


16 points arranged 16 points arranged in 
in a square a square standing on 
end 


and 5 times 5 points: 


Summing up the successive square num- 
bers one obtains: 


1X1= 1 

2X2= 1+2+1 
3X3= 1+2+3+2+1 
4X4= 14+2+3+44+3+2+1 


5X5= 


In each row the numbers increase up to 
the middle and then decrease symmetri- 
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PSYCHOLOGICAL POINTS OF VIEW ON ARITHMETIC 


cally. The square of every number repre- 
sents the sum of the arithmetical progres- 
sion of numbers going from one up to the 
original number and back again to one. 
Every subsequent line has 2 numbers more 
than the preceding one; from line to line a 
higher middle number is added and the 
number preceding it is repeated. The new 
numbers thus added are: 


1+0= 1 
2+1= 3 
3+2= 5 
4+3= 7 
5+4= 9 
6+5=11 
7+6=13 
8+7=15 


The odd numbers manifest themselves as 
the differences between the square num- 
bers: 
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36—25=11 
49 —36=13 
64—49=15 


Many number relationships can be dem- 
onstrated to arouse the pupil’s interest in 
mathematical facts. They appeal no less to 
the mind than experiences of color and 
form and hold the additional stimulus that 
they can be revealed without any other 
tool than one’s own mental activity. 

In working with a class special occa- 
sions may be seized to display numerical 
facts. On a certain day one of the children 
may have his eighth birthday. His little 
brother at home may then be 2 years old. 
The child therefore lived four times as long 
as the little brother. One may further call 
attention to the fact that in the next year 
the child will have his ninth birthday and 
the little brother his third. The age ratio 
between them has changed; the child has 
now three times the little brother’s age. A 
year later the child will be ten and the lit- 
tle brother four, then eleven and the little 
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brother five, the next year twelve and the 
brother six. At this point the child’s life 
will be twice that of the brother. This di- 
minished ratio will make the child think 
and it can be pointed out to him that this 
ratio also becomes manifest in life. At the 
time when the child is eight and has four 
times the age of the little brother, the age 
difference between the two children is ap- 
parent to every one on sight. But once 
they will have reached 42 and 48 it might 
possibly be doubtful to recognize which 
was the older of the two. 

An important factor from a psychologi- 
cal point of view is the continuity in the 
thoughts pursued during the lesson. If the 
problems introduced in a lesson deal, for 
instance, first with stretches traversed by 
trains, then with pipe lines that fill a con- 
tainer and afterwards with sales prices of 
fruit and vegetables, etc., the continuity 
of thought is disrupted each time. By con- 
tinuing a line of thought greater interest 
can be aroused both in verbal and numeri- 
cal problems. For instance, after taking up 
12=5+7, one can proceed to elaborate 
further on the problem by giving other 
compositions of this number, thus: 

12=1+11 12= 7+5 
12=2+10 12= 8+4 
12=3+ 9 12= 9+3 
12=4+ 8 12=10+2 
12=5+ 7 12=11+1 
12=6+ 6 


The first numbers to the right of the equal 
sign increase step by step from one to 
eleven, while those in the next column 
diminish from eleven to one. The amount 
of possible compositions is eleven, one less 
than the original number 12. Continuing 
this problem one can follow up the factor- 
ing of the same number: 

12= 1X12 

12= 2X 6 

12= 3X 4 

12= 4X 3 

12= 6X 2 

12=12X 1 


The amount of possibilities in the case of 
factoring varies with the numbers: 
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14= 1X14 
14= 2X 7 
14= 7X 2 
14=14X 1 


15= 1X15 
15= 3X 5 
5X 3 
15=15X 1 


With thirteen there are only two possibili- 
ties, while with twelve there are six. The 
numbers 14 and 15 offer four possibilities 
each. The children will seek for the num- 
bers with maximum possibilities. Natu- 
rally their amount will increase as a rule 
when higher numbers are reached. In order 
to judge which number has a relatively 
great amount of possibilities we can inves- 
tigate how far one has to proceed from it 
before encountering the next one with 
more possibilities. One of the numbers 
with. many factoring possibilities is 12. 
Any number below it offers no more than 
4 possibilities, while 12 itself offers 6. Con- 
tinuing from 12 the amount of possibilities 
is not exceeded until 24. In the range from 
1 to 100 the number 60 reaches the maxi- 
mum of 12 factoring possibilities, which is 
not exceeded by any one of the following 
numbers including 100 itself. This fact ex- 
plains the predominating role of the num- 
bers 12 and 60 in our units of measure- 
ment. The clock shows the number 12, the 
year has 12 months, the foot 12 inches, 
etc. An hour has 60 minutes, a minute 60 
seconds, the 60th part of % of the cireum- 
ference of a circle equals 1°, etc. 

Much that belongs to later periods of 
study can be prepared for at an earlier one. 
For instance, when taking up even and 
odd numbers their addition can be ex- 
pressed in the following rule: 


Even number+even number 
=even number 
Even number+odd number 
=odd number 
Odd number+even number 
=odd number 
Odd number+odd number 
=even number 


In later years when the subject of negative 
numbers is introduced a similar rule oc- 
curs: 


Positive number X positive number 
= positive number 
positive number X negative number 
=negative number 
negative number X positive number 
=negative number 
negative number X negative number 
= positive number 


This apparent analogy is not accidental, 
but mathematically founded (even pow- 
ers of a negative number are positive, odd 
powers negative). 

When practicing long multiplication 
and division one may prepare the subject 
of roots. Instead of taking an arbitrarily 
chosen number for practice, one may mul- 
tiply the number 1,4142136 with itself. 
The result is 2 followed by 7 zeros: The 
number 1,4142136 is the square root of 
2 (up to 7 decimals), the last decimal 
being rounded upward so that the re- 
sult of the multiplication is above 2. Then 
multiplying 1, 4142135 with itself the re- 
sult is 1 followed by a series of nines, that 
is a result below 2. A similar exercise with 
1,73206 and 1,73205 gives results above 
and below 3; by multiplying 2,23607 and 
2,23606, each with itself, one result is 
higher and one lower than 5, etc. Multi- 
plying 2,15445 X2,15445 X2,15445 we get 
10 followed by three zeros, ete. Then in 
later years when the study of roots is 
taken up (\/2=1,4142135...; /3=1,- 
73205 ...; V5=2,23606...; ~/10=2,- 
15444), it will be an easy matter to proceed 
on this prepared foundation. But even 
more important than the advantages thus 
acquired for the progress of studies is the 
almost unconscious psychological effect. 
The pupil has the experience that his 
study course had since early years been 
built up with a deeper background than 
he could appreciate and this experience 
creates a feeling of confidence. 

The way of intimating the more ad- 
vanced portion of a subject in,the early 
lessons can be extended even beyond the 
respective school. For instance, when prac- 
ticing the four rules of arithmetic in the 
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early years the following scheme may be 
set up: 


0X O 
1X 
2X 


3X 


1X 
2X 
3X 
4x 4X 
5X 5X 
6X 6X 
7X 
8X 


9X 


7X 
8X 


9X 729 


10X10 X10 = 1000 
11X11 X11 =1331C 
12X12 12=1728” 


331 
397 


First find the numbers which result from 
multiplying a number with itself three 
times, the cube numbers. In the next col- 
umn write down the differences between 
the successive cube numbers, their 1st dif- 
ferences. In the next column are shown 
differences of the differences: 2nd differ- 
ences. Finally follow the third differences 
which have the constant value 6. This fact 
is fundamental in differential calculus. 
Perhaps ten years later the student may 
come across this again when he will have 
advanced to this point in his studies. 

Much can be done to arouse the interest 
in mathematical problems by reciprocal 
comparison of different kinds of numbers 
and methods of calculation. For instance, 
when introducing fractions, compare their 
nature with the regular numbers, not theo- 
retically but in the form of problems. The 
differences between two successive frac- 
tions are not equal as they are with two 
successive regular numbers, but diminish 
continually. The step from 1 to $ has a 
difference of 3; that from } to 1/3 a differ- 
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ence of 1/6, etc. In the series of numbers 
1234567 the arithmetical mean be- 
tween 2 and 6 is: (2+6)/=4. In the series 
of fractions 1, 3, 1/3,1/4,1/5,1/6,1/7... 
the mean between } and 1/6 is: (}-+1/6)/2 
=1/3. The mean 4 between 2 and 6 stands 
in the series of numbers in the middle be- 
tween 2 and 6, whereas in the series of 
fractions the mean between } and 1/6 is 
not } but 1/3, which stands no longer in the 
middle, but directly follows the first num- 
ber 4. The sum of the differences between 
1/3 and 3, } and 1/5, 1/5 and 1/6 is equal 
to that between the successive fractions 
3 and 1/3. 

This shows why the simple rules for ad- 
dition and subtraction, applied in the 
case of integers, are no longer valid with 
fractions and that another procedure, 
including the finding of the common 
denominator, has to be used. The frac- 
tions diminish in a definite way. In 
order to grasp this more readily have 
the children hold their hands at a fixed 
distance from each other. This will ex- 
press the unit. Then have them move the 
hands closer together step by step, so that 
the intervals gradually diminish to 3, 1/3, 
1/4,1/5,1/6.. . The differences here grow 
less and less. Now it is but a step to apply 
the successive fractions of lengths in the 
form of heights over a common base line 
resulting in a branch of a hyperbola. This 
again represents the diagram of Boyle’s 
law in physics, in other words, the oppor- 
tunity is here given to make allusion to 
geometry and physics which will be further 
developed in later school years. 

What is of special importance from the 
psychological point of view for all school 
grades is the quality of thinking activity 
which is provoked by the methods em- 
ployed. The result of arithmetic classes 
may be either a mechanical and primitive 
thinking or an intensive and creative one. 
There are students who when given a 
mathematical problem will at once ask for 
a fixed rule or formula with which to solve 
it. Their work is not based on insight. 
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There is no continuity in their conscious- 
ness just where the most real thought con- 
nection should set in. They usually have 
primitive mathematical concepts, con- 
ceiving any length as the sum of so and so 
many inches, any weight as the sum of so 
and so many grams, etc. But neither a 
length nor a weight is composed of parts, 
each forms a whole that is to be compared 
with others. A more intensive thinking 
will be more apt to aim at comparisons, at 
proportional numbers and less at dissect- 
ing and combining. If a measure is three 
times that of another, this fact remains 
whether the measuring be done in meters 
or inches. Nearly all the numbers used in 
the sciences are fundamentally propor- 
tional numbers. If a stone is said to have 
specific gravity 3, that means that its 
weight is three times that of an equal vol- 
ume of water; it is not a combination of 
three units. 

Psychological effects produced by vari- 
ous kinds of mental activities are naturally 
not limited to their respective realms. 
They continue to act in the conscious as 
well as in the subconscious spheres of our 
mind and their influence finally affects 
even social life. No healthy relationship 
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and cooperation between human beings 
can be founded on mechanical and one- 
sided thinking. Such thinking isolates one 
within oneself and builds no link toward 
the understanding of the other person’s 
point of view. Thus it is often the cause of 
dissatisfaction and of a lack of self-con- 
fidence. It leads to an attitude of self-de- 
fense toward life without courage or ini- 
tiative, or to a uselessly critical and cyni- 


cal attitude. 


The psychological effect of creative 
studies in arithmetic is at least of equal 
importance as the knowledge the subject 
imparts. Whoever looks only for the ‘‘prac- 
tical” side in arithmetic readily overlooks 
the truly practical effects within the psy- 
chological realm. Particularly in our days 
this becomes increasingly essential. The 
dangers threateningsculture and civiliza- 
tion today are not due primarily to any 
lack of detailed practical knowledge, but 
rather to psychological factors which, in 
the final analysis, are the outgrowth of 
distorted thinking. The teaching of arith- 
metic in its education of sound and 
straight and creative thinking holds a key 
position in our work for a future society 
throughout the world. 


The Mathematics Teacher wishes all of its 
readers a Merry Christmas and a 
Happy New Year! 
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The Teaching Objectives in a First Course 
in the Calculus 


By James E. Parker 
Knoxville College, Knoxville, Tennessee 


THERE Is a great deal being said nowa- 
days about course objectives. It is said 
that the objectives for any course in the 
curriculum should be clearly defined and 
that teacher and student alike should be 
conscious of these objectives at all times. 
This concern has lead to a re-examination 
of the objectives for courses taught by the 
writer. This paper is particularly con- 
cerned with the objectives for a first course 
in differential and integral calculus. Stated 
briefly, the question at hand is this what 
are my objectives in teaching a first course in 
the calculus? Three major objectives are 
found to be inherent in this case. These 
are: (1) to give the student an understand- 
ing of the fundamental concepts of the cal- 
culus and a point of view relative to the 
historical background out of which these 
concepts grew; (2) to develop proficiency 
in the manipulative skills of differentiation 

and integration; and (3) to develop abili- 
§ ties in making practical applications of 
the principles learned. A few words will be 
said about each of these objectives relative 
to the methods used in attempting to real- 
ize them. It is hoped that the following 
statements will arouse some interest and 
will bring forth some comments as well as 
criticisms from individuals more experi- 
enced than the writer. In this way the 
writer, and possibly others, may be greatly 
helped in setting up goals toward which 
to work. 

In the first place, we are assuming that 
a knowledge of the fundamental concepts 
of the calculus is essential to a successful 
effort to the study of the calculus. The 
concepts of a function, a variable, incre- 
ment, limit, and continuity are absolutely 
necessary stepping-stones for the begin- 
ning student, and the well-equipped 
teacher ‘‘is prepared to put into proper 


perspective before his students the most 
fruitful concepts of his field.’ These are 
the words of Dr. C. E. Van Horn, who says 
further: 

In introducing students to new concepts, 
nothing can be safely taken for granted. 
The instructor must know that the stu- 
dents are clear on all the little points that 
surround the subject. 

An instructor must take time to encour- 
age habits of clear thinking. And nothing, 
perhaps, is more conducive to the cultiva- 
tion of such habits than to be clear-cut in 
characterizing logically the concepts with 
which one may be dealing. 


It is indeed difficult to imagine a student 
making strides of progress if he is lacking 
in a clear knowledge of such a concept as 
the limit, for example. It seems that first 
and foremost in the minds of calculus 
teachers must be a definite aim to teach 
the underlying concepts of the calculus. 
This should not be done as a separate unit 
of work but the concepts should be intro- 
duced as the need for each arises. 

One method of realizing this objective 
is to have the student write brief papers in 
which he is required to discuss certain im- 
portant concepts which are being studied 
at the time. The student should be encour- 
aged to make crystal clear the concepts 
discussed. Through complete statements 
and through a strict choice of words the 
student soon develops the ability to give 
real meaning to these concepts. Such a 
paper enables the teacher to locate dis- 
crepancies in the student’s understanding, 
and, when properly handled by the teacher, 
reveals to the student his own errors in 
thought, thus allowing for self-evaluation 
in growth. 

Secondly, we must always consider the 


1Van Horn, A Preface to Mathematics, 
Chapman and Grimes, Inc., 1938. 
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skills accompanying the study of practi- 
cally every elementary course jn mathe- 
matics. A successful calculus student is 
certainly not remote from these skills. 
Calculus can hardly be taught without 
some consideration of a degree of profi- 
ciency in the skills of differentiation and of 
integration. We should, however, take care 
that we do not over-emphasize this aspect 
of teaching. Too often courses in elemen- 
tary mathematics turn out to be no more 
than aroutine process of stereotyped problem 
solving. Apparently the better way to ap- 
proach this phase of the work is to work on 
a selective basis. That is to say, select 
problems which best suit the needs of the 
hour and best illustrate the principles at 
hand. This is a more flexible method than 
that of merely following the text through 
problem by problem. This method may al- 
so sidetrack any tendency for teacher and 
student to become textbook slaves. There 
is, on the other hand, a danger of under- 
emphasis of the development of the basic 
skills. An over-zealous teacher is likely to 
become bored by what may seem to him 
drill work. Most calculus textbooks have a 
large number of problems. This teacher is 
likely to feel that too much emphasis is 
placed thereon. He should realize that a 
student can hardly find his calculus at his 
command without proficiency in these 
basic skills. The ability to make practical 
applications of calculus is in a very large 
measure dependent upon these skills. For 
after all, practical application of any phase 
of the calculus is a process of finding a sat- 
isfactory answer to some problem. This 
leads to our third objective: namely, to 
develop abilities to make practical appli- 
cations of the principles learned. 

For the past quarter of a century or 
more we have witnessed a decline in the 
teaching of mathematics in our secondary 
schools. Educators have been prone to be- 
lieve that little mathematics is needed by 
the average man. Consequently, what has 
actually happened is that the selective 
few whom they consider in need of the sub- 
ject have suffered in their early work. This 


is particularly true of the small schools. 
If on the one hand, mathematicians have 
been prone to over-emphasize pure mathe- 
matics, educators have, on the other hand, 
failed to recognize the value of pure math- 
ematics in its service capacity, its ad- 
visory capacity. We are here considering 
the phrase practical applications in a much 
broader sense than the mere use of the 
subject as a tool for engineers. If we exam- 
ine the records we will doubtless find that 
the work of mathematicians has very often 
been a reservoir for many hints or helps 
along practical lines. For a thorough dis- 
cussion of this aspect of the teaching I re- 
fer you to Mr. Thornton C, Fry’s article 
“Industrial Mathematics,” The American 
Mathematical Monthly, vol. 48, June-July 
1941, Part II, Supplement. Here are listed 
some fine examples of the very thing of 
which we are speaking. These are sup- 
ported by the best of evidence. Indeed all 
mathematics is practical in several ways. 
To be sure the word practical infers useful- 
ness. But a thing may be useful in a num- 
ber of ways. 

Teachers of calculus should be alert in 
attempting to find ways of bringing home 
to the student the various applications of 
his subject. This can be done in seemingly 
insignificant ways. For example, in work- 
ing the following problem in maxima and 
minima a student of farm experience found 
that in a small way his calculus could help 
him out on the farm: 

An open trough is to be made from a 
long rectangular shaped piece of metal by 
bending up the long edges so as to give the 
trough a rectangular cross section. If the 
width of the piece is 1 foot, how deep 


should the trough be made in order that 
its carrying capacity may be a maximum”? 


This may seem rather trivial, but the point 
is this. This young man saw the usefulness 
of his calculus and subsequently was mo- 
tivated to study calculus more conscien- 
tiously. Students as far along as this may 


2 Ford, W. B., A First Course in the Differen- 
tial and Integral Calculus, Revised edition, 
Henry Holt and Company, New York, 1937. 
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often need to be motivated in this way. As 
a matter of fact, college students are more 
and more demanding insights into the use- 
fulness of their subjects, and the calculus 
teacher has an unique opportunity in this 
connection. 

The writer is, of course, teaching in a 
liberal arts college, but he feels that any 
student taking the course prescribed for 


above should find himself ready and ca- 
pable in whatsoever field of endeavor he 
may find himself. The statements made 
herein are merely suggestive. No attempt: 
has been made to write an extensive dis- 
course on the topic. The purpose is to 
bring to a focus the objectives set forth by 
the writer. 


NE of the world's greatest bene- 
factors was Einar Holboell, 
Danish postal clerk. 


Asheworked long hourssorting Christ- 
mas mail, he thought of a way to put 
it to work for humanity ... and in 1904 
started the sale of Christmas Seals 
to combat tuberculosis. Introduced 
in America in 1907, the Seals have 
helped cut the T.B. death rate 75%, 
have helped save 4,000,000 lives! 


But T.B. still kills more people between 
1Sand 45than any other disease. Your 
dollarsare urgentlyneeded now. Send 
in your contribution today — please. 


How a Dane Saved 
4 Million Americans! 


BUY CHRISTMAS 


The Notional, State and Local 
Tuberculosis Associations in 
the United States 


SEALS! 
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Accurate Drawings of Three Dimensional Figures* 


By MarGARET JOSEPH 
Milwaukee, Wisconsin 


EVERY TEACHER of solid geometry has 
no doubt experienced having a student fail 
to prove an original exercise just because 
his drawing of the figure required was so 
much out of proportion that he failed to 
establish the proper relationship between 
lines, angles, triangles, or planes necessary 


in the proof. If, for example, a student 
would draw a square for the base of an 
oblique prism or a circle for the base of a 
cone, instead of the parallelogram and el- 
lipse as they appear in perspective, then 
the whole figure is distorted. Just recently 
I had a student come to me for help in de- 
riving the formula for the altitude of a 
regular tetrahedron in terms of its edge e. 
As soon as I saw the rough sketch he was 
using, where the faces were scalene tri- 


* Copyrighted. 


angles, I knew why he had two unknowns 
in the equation that he was trying to solve. 
The altitude did not meet the base of the 
figure at its center. I made a better draw- 
ing for him and he immediately recognized 
his error and proceeded with the solution 
without further help from me. 

On the other hand there are those stu- 
dents who have had training in isometric 
or perspective drawing and they often do 
such meticulous work that they spend 
hours on the drawings and solutions when 
several original exercises are assigned for 
homework. This may create a serious situ- 
ation. The student spends much more 
time on his geometry than he can afford to 
so either he will in turn neglect his other 
subjects or else he may develop a dislike 
for the subject just because it demands so 
much of his time. 

Models of solids made professionally or 
by students provide an excellent means of 
clearing up any misunderstanding the stu- 
dents have in regard to the figure. Those 
made of wire are especially fine to use in 
visualizing intersecting planes or surfaces. 
However, they do not help the student 
lessen his labor in making drawings for 
theorems or original exercises assigned for 
homework. 

To overcome this difficulty the student 
may use a templet or stencil to facilitate 
the drawing of three dimensional figures 
studied in solid geometry. It consists of a 
sheet of transparent material such as cellu- 
loid or plastic and is provided with a num- 
ber of cutouts to represent isometric pro- 
jections of solid figures. This templet will 
enable the student to make an accurate 
drawing of the desired solid figure in just 
a few seconds’ time. 

Figure 1 in the drawing shows the tem- 
plet with the isometric cutouts shown in 
heavy lines while the lighter lines associ- 
ated with them form the completed solid 
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figure. Thus the student can see at a glance 
some of its most common uses. Figures 2 
through 9 show a few of the other solid 
figures which can be drawn with this tem- 
plet but with a little practice the student 
can draw others by combining cutouts of 
two different figures. 

The cone in Figure 1 shows the isomet- 
ric projection of the base and of a plane 
parallel to the base. Those sections or cut- 
outs are numbered 3 and 4. The tiny hole 
at the top, numbered 5, fixes the vertex of 
the cone. If a right circular cone is desired, 
outline the elliptical section numbered 3 
with the point of a well sharpened pencil. 


(With a little practice the student will 
know just which lines or parts of lines to 
have dotted and which should be solid. 
Until he masters the technique however, 
all lines can be made solid and then use an 
eraser to make dotted those which should 
be.) Then to locate or fix the vertex, insert 
the pencil point in the opening numbered 
5. Now use the edge of the templet as a 
straightedge or ruler to draw lines from 
the vertex to the extremities of the base 
as shown in the drawings above. 

If a smaller cone is preferred, use the 
section parallel to the base of the cone, 
numbered 4 on the drawing instead of the 
one numbered 3, and proceed as before. If 
an exercise calls for an oblique cone, out- 
line the base just as before. Then move the 
templet right or left before fixing the ver- 
tex and you will have a drawing similar 
to that shown in Figure 3. In each pyramid 
shown on the templet as well as in the 
cone, the hole which fixes the vertex is di- 
rectly over the center of the base of the 


figure. That is why the templet must be 
moved right or left after outlining the sec- 
tion which forms the base, if the figure 
being drawn is to be oblique. Figure 2 
shows a frustum of a right circular cone 
which is drawn by outlining the section of 
the cone parallel to the base and the base. 
Then the edge of the templet is used to 
draw the two slant heights necessary to 
complete the figure. 

The pyramid shown at the top of the 
second column in Figure 1 can be used to 
draw several figures. Just as the cone and 
its frustum were drawn, one can readily 
see how a pyramid can be drawn with cut- 


out numbered 9 as base and the hole num- 
bered 11 as its vertex or a smaller pyramid 
drawn with cutout numbered 10 used as 
base instead of 9. Similarly a frustum of a 
triangular pyramid can be drawn with 
cutouts 10 and 9 as bases. To draw a tri- 
angular prism, outline cutout numbered 10 
and then move the templet directly up or 
down on your paper and again outline the 
same cutout to form the two bases of the 
prism. Then use the edge of the templet to 
draw the lateral edges of the prism as 
shown by the completed drawing in Fig- 
ure 5. If cutout numbered 9 is used instead 
of 10, then a prism with larger bases 
would result. Even if the smaller bases are 
used to draw a figure, a larger solid than 
that shown on the templet can be drawn 
by increasing the altitude. This is done by 
moving the templet up, after outlining the 
base of the figure being drawn, and then 
fixing the upper base if the figure is a prism 
or its vertex if the figure is a cone. If 
auxiliary lines need to be drawn or if nu- 
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merical values are put right on the draw- 
ing, it is wise to use a larger figure. 

Just as the prism was drawn using either 
cutouts 9 or 10 as bases, one can draw 
cylinders using as bases cutouts numbered 
3 or 4, the isometric projection of the base 
of the cone and the plane parallel to it. 
However, the cylinder shown in the lower 
right hand corner of the templet can gen- 
erally be used. If a cylinder with a larger 
or a smaller base is preferred or if one 
wishes to draw 2 similar cylinders, then 
use cutouts 3 and 4 

This templet also shows pyramids with 
bases of 4 and 6 sides to its base. These 
too can be used to draw just plain pyra- 
mids, their frustums, or right and oblique 
prisms with quadrangular and hexangular 
bases. The manufactured templet will also 
show one with a pentagonal base as well as 
a 30, 45, and 60 degree angle. These same 
pyramids can be used to draw other poly- 
hedrons. For example, to draw a regular 
hexahedron, first draw a triangular pyra- 
mid in the usual manner. Now turn the 
templet over and let the longest edge of 
the base of the pyramid on the templet 
coincide with the corresponding edge of 
the pyramid just drawn and insert the 
pencil point in the hole which is numbered 
11. This vertex is below the pyramid in- 
stead of above. Use the edge of the tem- 
plet to complete the remaining lateral 
edges of the hexahedron. In like manner 
the other pyramids shown can be used to 
draw polyhedrons of 8 and 12 faces. 

Parallel planes are used in a number of 
theorems and originals. They can be drawn 
by using the lower base of the quadrangu- 


lar pyramid for one plane and then if the 
templet is moved up or down the desired 
distance, the same cutout should be out- 


lined for the plane parallel to the first. 
Two perpendicular planes are used in a 


whole family of theorems. The base of the 
quadrangular pyramid should be used for 
the horizontal plane and cutout numbered 
27 or 28 for the vertical plane as just 
shown. 

In the study of spheres, one frequently 
needs to draw a meridian or a parallel of 
latitude or show sections of a sphere made 
by a small and a great circle. The circular 
cutout numbered 13 should be outlined to 
represent the earth or any sphere. Cutout 
numbered 3, shown as the base of the cone, 
will just fit for the equator when in a hor- 
izontal position and as a meridian or any 
other great circle when in a vertical or 
oblique position. Cutouts numbered 22 
and 23 can be used as small circles of the 
earth or as other parallels of latitude. 
Figure 8 shows cutout numbered 3 as a 
meridian and cutout numbered 23 as a 
small circle or section of the sphere. In 
this figure they are numbered 47 and 48 
respectively. If the students would want 
to show a lune of a sphere, place cutout 
numbered 13 in position as if drawing a 
meridian but instead of drawing half with 
a solid line and half with a dotted line, 
draw the entire cutout with a solid line 
and whole figure will appear to be on the 
same side of the sphere. Spherical triangles 
are always difficult for the student to draw 
and usually they appear as plane triangles 
on their drawings. Therefore the figure at 
the lower left of the templet has been in- 
cluded. Here the intersecting arcs of the 
great circles of the sphere are represented 
by the cutout formed by ares which are 
numbered 31, 32, and 33. The circular 
cutout numbered 15 is identical in size to 
the sphere represented by the circle num- 
bered 30. So if a spherical triangle is to be 
drawn, first outline the circular cutout 
numbered 15. Then place the circle num- 
bered 30 so it coincides with it and outline 
the cutout formed by arcs numbered 31, 
32, and 33. 

The commercially manufactured mod- 
els of solids or those prepared by students 
are not always satisfactory for the student 
to use to demonstrate a theorem in the 
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classroom. I have used them successfully 
in some cases where the proof of the the- 
orem was very short and easy to follow 
and when the class is small enough so that 
each one can see the model clearly. If the 
theorem being proved is at all involved, 
one must have a drawing with the faces 
lettered so that the student can follow 
through the proof presented. There are 
times when parts of the proof must be 
written on the blackboard. This is true for 
example, in the derivation or proof of 
the volume of a _ regular pyramid. 
(V=$h [B+b+~/Bb)). It is true of other 
theorems where there is a long logical se- 
quence of steps either geometric or alge- 
braic in nature. For such cases or for the 
figure needed when original exercises are 
explained at the blackboard, a good draw- 
ing is essential. I have seen students spend 
10 to 15 minutes of class time to put the 
drawing of the solid figure needed for a 
theorem and still the class had to stretch 
their imaginations to recognize the true 
figure. I once visited a class in solid ge- 
ometry where a student spent so much 
time putting a drawing for the theorem on 
the board that there was not enough time 
left to finish the proof. Templets for black- 
board use would eliminate this problem. 


One single templet like that described 
above with all figures on would be too 
cumbersome to use and certainly to house 
if large enough for blackboard use. Hence 
several different templets can be used each 
of which has but one figure similar to that 
described in the single templet only much 
larger in scale. They could be housed in the 
average teacher-desk drawer or in the paste- 
board carton in which they are shipped. 
If all teachers of solid geometry could 
use the blackboard templets, more class 
time would be available for the discussion 
of work assigned. Class time would not be 
wasted in making drawings of solid figures 
and hence more time would be left to pre- 
sent the advanced assignment to the stu- 
dent. The student would then have more 
time to ask questions about the lesson 
before he leaves the classroom. Further- 
more he would grasp the presentation of 
the proofs more readily if accurate iso- 
metric drawings are used. Then when he 
uses the pocket size templet to make the 
drawings required in preparation of home- 
work, the time spent would be reduced to 
a minimum and the most ideal situation 
for a solid geometry class would result. 


(Reference to numbered figures is to the 
drawings shown p. 350.) 


To Autumn 


Season of mists and mellow fruitfulness, 
Close bosom-friend of the maturing sun; 
Conspiring with him how to load and bless 
With fruit the vines that round the thatch- 
eaves run; 
To bend with apples the mossed cottage-trees, 
And fill all fruit with ripeness to the core 
Toswell the gourd and plump the hazel shells 
With a sweet kernel; so set budding more 
And still more, later flowers for the bees, 
Until they think warm days will never cease, 
For summer has o’ erbrimmed their clammy cells. 


Who hath not seen thee oft amid thy store? 
Sometimes whoever seeks abroad may find 
Thee sitting careless on a granary floor. 
Thy hair soft-lifted by the winnowing wind; 
Or on a half-reaped furrow sound asleep, 
Drowsed with the fume of poppies, while 
thy hook 
Spares the next swath and all its twined 
flowers: 
And sometimes like a gleaner thou dost keep 
Steady thy laden head across a brook; 
Or by a cider-press, with patient look 
Thou watchest the last oozings hours by hours. 


Where oe _ songs of Spring? Ay, where are 
they 
Think not of them, thou hast thy music too— 
While barred clouds bloom the softly-dying day, 
And touch the stubble-plains with rosy hue; 
Then in a wailful choir the small gnats mourn 
Among the river sallows, borne aloft 
Or sinking as the light wind lives or dies; 
And full-grown lambs loud: bleat from hilly 
bourne; 
Hedge-crickets sing; and now with treble soft 
Redbreasts whistle from a garden croft; 
And gathering swallows twitter in the skies. 
In the gay woods and in the golden air, 
Like to a good old age released from care, 
Journeying, in long serenity, away, 
In such my rey late quiet, would that I 
Might wear out like like thee, ’mid bowers 
and brooks, 
And, dearer yet, the sunshine of kind looks, 
And music of kind voices ever nigh; 
And when my last sand twinkles in the glass, 
Pass silently from me, as thou dost pass. 


—William Cullen Bryant. 
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Fun for the Mathematics Club 


By Jacos M. PortTEeRFIELD 
State Teachers College, Maryville, Missouri 


WirTH THE teachers carrying a war-time 
load, the mathematics club is apt to die 
for lack of anything interesting to do. 
There just isn’t sufficient time for the in- 
structor to make the necessary prepara- 
tions to keep everything going. The litera- 
ture intended to be helpful is often so gen- 
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eral that its value is lost. Some of the 
literature appears in the nature of a 
preachment. This wastes almost as much 
time as the articles which quibble over 
“objectives.” To give them something 
specific to do, it is suggested that mathe- 
matics clubs, as a part of their activity, 
build an interesting and useful calculator 
which will acquaint them with much ele- 
mentary algebra and trigonometry. It 
does not require logarithmic scales and 
can be drawn with an ordinary straight 
edge and compass with a satisfactory de- 
gree of accuracy. 

Cardboard, graph paper, cellulose tape, 
a strip of transparent plastic, and a small 
rivet or ledger screw are all that are re- 
quired. As in Figure I, a square of graph 
paper, ten units on a side, is mounted on 
cardboard with cellulose tape placed along 
its edges. A thin straight line is etched and 
inked from end to end on the plastic strip. 


A scale equal to one dimension of the 
graph is traced along this line. Rectangu- 
lar axes are drawn on the graph paper so 
that it represents the first quadrant. The 
plastic strip is riveted so that the zero 
point of its scale is exactly at the origin 
and is free to turn about that point. Cir- 
cles, lines and scales are drawn on the 
square in a manner that will be made 
clear as we proceed. 

Suppose it is desired to multiply any 
number by 6.4. Consider Figure I. The 
line OP on the plastic strip is turned until 
it intersects XA at 6.4. To find the prod- 
uct of 6.4 and 7.2, find 7.2 along OX. Fol- 
low upward to the intersection of OP and 
to the left to read the product along OY. 
The answer is 46. The decimal point is 
located in the same manner as with a slide _ 
rule. Any other number can be multiplied 
by 6.4 in the same manner. The solution is 
general. 

To get the same accuracy for numbers 
beginning with the digits 999 to 156, it is 
necessary to make a new setting of OP. 
Disregarding the decimal point, OP cuts 
the lines X=10 and X=1 at the same 
value of Y. Rotate OP counterclockwise 
until it passes through the point (1; 6.4). 
The product of numbers between 999 and 
156 times 6.4 can now be read exactly as 
before. It should be noted that 64 and 156 
are reciprocals, if the decimals are disre- 
garded. 

The process of division is obvious. To 
divide several numbers by 6.4, the line OP 
is set as in Figure I. To divide 46 by 6.4, 
find 46 along OY, follow to the right to the 
intersection of OP and down to read the 
quotient, 7.2, along OX. Any number 
from 000 to 6.4 can be divided by 6.4 
without resetting. The numbers from 640 
to 999 can be divided by 6.4 if we again 
remember that OP cuts the lines X =10 
and X = 1 with the same sequence of digits. 
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Rotate OP counterclockwise until it passes 
through the point (1; 6.4). The division is 
preformed as before. 

In a first consideration, it would seem 
that the square would need to be made 
larger as OP is rotated more and more in a 
counterclockwise direction. To further il- 
lustrate that this is not true, Figure II 
should be considered. Here 16 is in the 
multiplying position. 
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Figure II 


It seems necessary to extend the X = 10 
line to A. But the same results are ob- 
tained by setting OP to pass through the 
point (1; 1.6) along the line X=1. To 
multiply 5.6 by 16, find 5.6 along OX, fol- 
low upward to the intersection of OP and 
to the left to read the product, 90, along 
OY. 

Any number starting with the digits 160 
to 999 can be divided by 16 without re- 
setting. Find 90 along OY, follow to the 
right to the intersection of OP and down 
to read the quotient, 5.6, along OX. To 
divide numbers starting with the digits 


999 to 160 by 16, it is necessary to rotate 


OP clockwise until it passes through the 
point (10, 1.6) and make the readings as 
before. 

Reciprocals are found by dividing the 


number into one. Consider Figure III. To 
find the reciprocal of 28, set OP to pass 
through the point (2.8; 1.) Find the point 
where OP intersects XA and read the Y 
value. Locate the decimal point. The an- 
swer is .036. 


gS 
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Fievure III 


It is possible to first locate the number 
along OX. To find the reciprocal of 3.6, 
turn OP so as to pass through the point 
(10; 3.6). Find the point where OP inter- 
sects the line Y =1. and read the X value. 
The answer is .28. 

This relationship could be considered 
from the trigonometric point of view. The 
tangent is the reciprocal of the cotangent. 
The methods of finding reciprocals from 
the trigonometric relationships can be 
worked out by the club. 

Another method of multiplying and di- 
viding is worth considering. In Figure IV 
a circle has been drawn about the origin 
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with a radius of ten units. To multiply any 
number by 8.4, set OP so that it passes 
through the point where the line, X =8.4, 
intersects the circle. As an example find 
4.4 along OP and follow down to read the 
product 4.4 X8.4=37. along OX. All other 
numbers can be multiplied by 8.4 in the 
same manner without resetting. To read 
the product of 1.1 times 8.4, greater accu- 
racy is obtained by finding 11. on OP and 
reading the X value along OX. The prod- 
uct is 9.2. 

To divide 8.4 into any number set OP 
at the intersection of the line, X =8.4 with 
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the circle. Read the dividend along OX 
and the quotient straight above on OP. 
For example; 37 divided by 8.4 is 4.4 and 
92 divided by 8.4 is 11. In this last ex- 
ample find 9.2 along OX. Follow straight 
up to the line OP. Again the solution is 
general. 

The above method of dividing is good 
if the divisor starts with a larger digit like 
7, 8, or 9. It runs into difficulty as OP is 
rotated more and more in a counterclock- 
wise direction. Another consideration 
helps us to overcome this difficulty. Con- 
sider again Figure IV. To divide 37 by 4.4 
rotate OP until 4.4 on OP is directly above 
the value of 3.7 on OX. Find the place OP 


intersects the circle and follow down to’ 


read the quotient, 8.4, on OX. The recipro- 
cal 4.4 divided by 37 can be read on the 
scale of OP at the intersection of XA. 

In order to find squares and square 


roots it is necessary to draw two more 
circles as in Figure V. With a radius of five 
units, a circle is drawn with the point 
(5; 0) as a center. With a radius of 1/10 
units, a circle is drawn with the origin as a 
center. In the latter case to get the exact 
radius set one point of the compass at the 
origin while the other is at the point (3; 1). 

To find the square root of 74, consider 
Figure V. Find 7.4 along OX. Follow 
straight up to the intersection of the large 
circle. Turn OP so as to pass through this 
point. Read the square root, 8.6, on the 
scale of OP. 
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To find the square root of 7.4, make the 
same setting as before. But to read the 
answer, find the point where OP intersects 
the smaller circle, follow down to find the 
square root, 2.7, on OX. 

For any number with an even number 
of digits to the left of the decimal point, 
use the first process. For any number with 
an odd number of digits to the left of the 
decimal point use the last process. Moving 
the decimal point two places in the num- 
ber is equivalent to moving it one place in 
the answer. 

The solution of the right triangle is 
simple. It is possible to turn OP to the de- 
sired angle and not only read any of the six 
trigonometric functions, but also multiply 
or divide their value by any number with- 
out resetting OP. 
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Suppose it is desired to solve M=9.3 
Tan 40°. OP is turned so the angle XOP 
is 40°. A protracter scale should be marked 
off along the circle, for this purpose. The 
tangent of 40° is read along XA. It is .84. 
Remembering the method of multiplying, 
used in Figure I, find 9.3 along OX, follow 
up to OP and to the left to read the value 
of M (which is 7.8) along OY. Any other 
number can be multiplied times the tan- 
gent of 40° without resetting it. The solu- 
tion is general. | 

The other trigonometric functions can 
be read after locating the decimal point. 
The cosine is read along OX ; Cos 40° =.77. 
The sine is read along OY; sin 40°=.64. 
The cotangent is read along YA; Cot 
40°=1.19. The secant is read along OP; 
Sec 40° = 1.305. The cosecant is read along 
OP; Cse 40° = 1.56. It must not be forgot- 
ten that the same readings may be made 
along X =1. as along X = 10, and likewise 
the same readings may be made along 
Y =1. as along Y = 10. For this reason it is 
not necessary to make the square larger. 

Students will find it interesting to de- 
vise calculators for special uses. Adjusting 
the decimal to a suitable range and label- 
ing the scales enables the student to be- 
come proficient in the use of the calculator 
with great ease. Permitting students to 
adapt their device to their own special 
interests will add zest to their work. 

For example, in Figure VII, the relation- 
ship of voltage, current, and resistance 
according to Ohm’s law is shown for a 
special range of resistors. 

To find the various voltage drops across 
a 5,000 ohm resistor for various current 
values flowing through the resistor, turn 
OP to 5,000 ohms. 4.4 milliamperes will 
flow when the drop is 22 volts. Other val- 
ues may be read without resetting. Mov- 
ing the decimal one place to the left in the 


ohm scale, moves the decimal one place 
left in the volt scale. If it is necessary to 
read ohms along the line X =1. the deci- 
mal must be moved one place to the right. 

Such devices can be made of suitable 
range for any Ohm-law problems. 

Physics students may have fun building 
a calculator for the composition or resolu- 
tion of forces. Practical radio students will 
be interested in the solution of the im- 
pedance triangle. Students of aeronautics 
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Figure VII 


can make many applications to the solu- 
tion of their problems. Working out proofs 
for the various applications should keep 
the best students busy for a long time with 
work that is worthwhile. 

It is not uncommon for a club to begin 
with a variety of popularity contests 
wherein students are elected to offices 
with no real duties to perform. The names 
are published in the school paper and the 
principal is happy that the school has a 
new club. Activities often consist of 
framing a constitution and time is wasted 
in reading the minutes of the last meeting. 
To avoid such nonsense, students must 
have something definite and worthwhile to 
do. 


Now is the time to buy National Council Yearbooks! 
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The CAA-NYC Aviation Operations Institute 


By Litu1an Moore 
Far Rockaway High School, New York, New York 


Tue Civil Aeronautics Administration 
—New York City Aviation Operations 
Institute was held on April 6th at La 
Guardia Field, New York City. It was ar- 
ranged by Mr. O. P. Harwood, Regional 
Manager of the First Region of the Civil 
Aeronautics Administration for ninety- 
eight selected New York City teachers of 
aeronautics and school administrators, in 
conjunction with Dr. Frederic Ernst, As- 
sociate Superintendent in Charge of High 
Schools. The Institute program proved to 
be valuable to the highest possible degree. 
Teachers who were unable to take advan- 
tage of the opportunity offered to gain 
increased knowledge of aviation operations 
will undoubtedly be interested in a report 
of the activities covered during the course 
of a busy day. 

After registration and group assign- 
ment, I attended a series of lectures given 
by members of the CAA personnel on air- 
port and airways engineering, airways and 
airport traffic control, radio and teletype 
communications, air carrier inspection, 
accident investigation, and aviation train- 
ing programs. Visual aids were used effec- 
tively in emphasizing key points in well 
organized lectures. Civil Aeronautics Board 
and Civil Aeronautics Administration or- 
ganization, duties, and investigations were 
explained. An air carrier inspector dis- 
cussed instrument approaches, minimum 
ceiling and visibility for takeoffs and land- 
ings, lighting facilities, and auxiliary air- 
ports. There are three types of CAA in- 
spection: operations, maintenance, and 
radio. A Civil Aeronautics Board lecturer 
explained the organization of the CAB. 
He discussed the accident investigation 
operations in promoting safety, the use of 
specialists in aircraft, engines, and me- 
teorology in the analysis of accident 
reports, and the use of field men as in- 
vestigators. The functions of the Civil 


Aeronautics Board in regulation, rule 
making, and education were discussed. In 
a talk on the aviation training program 
the lecturer reviewed the history of civilian 
pilot training, war training service, the 
development of courses, and the introduc- 
tion of visual aids in flight training. 
Another member of the CAA personnel 
described the in-service training program 
established for new employees. Control 
tower operators are trained in the air 
traffic control school to use radio and light 
signals. They practise controlling takeoffs 
and landings at a local airport and follow- 
ing flights along an airway or route traffic 
control board. In the communications 
school radio operators are trained in 
Morse code and teletype transmission and 
receiving. In the signals school a course in 
radio theory is given. This course includes 
the repair of radio equipment along air- 
ways, teletype machines, and radio range 
stations. An airport engineer discussed 
airport management, runways inspection, 
and the use of taxiways and turf areas 
between runways. An airways engineer 
explained the planning of airways routes, 
location of emergency fields, installation 
of beacons, voice broadcasts of weather, 
identification of high frequency fan and 
zone markers, and the operation of an 
instrument landing system. The chief of 
the general inspection branch discussed 
the monthly itinerary of inspectors, pilot 
ratings, ground instructor, flight instruc- 
tor, and mechanic examinations, and 
written, practical and flight tests. 
Weather bureau personnel described the 
operations of this division in the use of 
recording instruments, method of taking 
weather observations, the collection, com- 
pilation, and analysis of these data, and 
their use in developing charts for weather 
forecasting. Weather stations along the 
airways make hourly surface observations, 
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visual and instrument. Ceiling, tempera- 
ture, dew-point temperature, wind direc- 
tion and velocity, and barometric pressure 
are measured. During the day helium bal- 
loons with a known rate of ascension are 
used to measure the ceiling. At night pro- 
jector lights sending vertical beams are 
used for this purpose. Psychrometers, 
wind vanes, cup anemometers measuring 
wind velocity, and barographs measuring 
barometric pressure were observed in op- 
eration at the weather bureau station. 
Upper atmosphere observations were ex- 
plained. Pibal observations obtained from 
pilot balloons followed with a theodolite 
to measure the direction and intensity of 
winds at 1000 feet elevations, and the 
radiosonde which measures temperature, 
humidity, and air pressure were exhibited. 

The Transcontinental and Western Air 
hangar was visited, so that airplane re- 
pairs and maintenance could be observed. 
Their Link trainer operator explained the 
use of that instrument in checking pilot 
reactions. CAA pilots gave every visitor a 
thirty-minute trip in a Cessna twin- 
engine plane. Flying at a 3500 foot altitude 
and speed of 135 miles per hour, the plane 
covered a considerable area around the 
field. The air was somewhat bumpy over 
Long Island. Earphones enabled the pas- 
senger to follow the pilot, control tower 
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operator conversations, illustrating local 
airport control. Visits to the communica- 
tions operations centers, illustrating the 
operation of teletype circuit wires, radio 
telegraph and telephone communications, 
radio direction finder station, and trans- 
Atlantic communications to and from 
planes were particularly instructive. The 
TWA traffic control board was viewed. 
One of the high points of the Institute was 
the visit to the airport control tower, 
where the operator was observed guiding 
planes in their takeoffs and landings at the 
field. Lunch was served with the compli- 
ments of Eastern Airlines, Inc. An open 
forum after dinner in the Terrace Room 
concluded the activities of a day well 
spent. A lively discussion on aviation edu- 
cation ensued during the forum. 

I am certain that the information which 
I obtained as a result of following the pro- 
gram of activities will prove to be most 
helpful and instructive, when I relay it to 
the members of the aeronautics classes. 
The CAA should be complimented on the 
well planned, perfectly organized program, 
and on the efficient manner in which it 
was carried out. Mr. Harwood deserves 
the utmost praise for instituting this 
means of advancing in-service aviation 
education. 


Virtus ex Necessitate 


By Pounp Apams, Sacramento, California 


Space, rhythm, beauty: 

These come to me out of the pages 

Of my worn algebra book. 

And sometimes, when I’m sleeping, 

Transparent forms glide near— 

Then Galileo, Newton, Napier, 

Flick ghostly fingers against my eyelids, 

Saying, ‘‘O foolish one, have you come to us so 
late? 

Out of a mass of nothings, do you at last remem- 
ber 

Immutability through orderly change? 

Can you hear the stars singing in their courses 

In a universe deep and full of swift motion? 


Do you sense at last 

That space cannot be measured until it is 
bounded?” 

Then, perhaps, dreaming, I stir. In the morning 

Value and quantity have taken on deeper mean- 
ings. 

Then the relentless truth of an equality, 

The everlastingness of an identity, 

The inescapable dependence 

Of one thing upon another— 

These are harmonious, and fit together 

In the balanced patterns 

That come out of the pages of my dog-eared 
algebra book. 
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THE DICTIONARY defines continuity as 
“connection uninterrupted.” It certainly 
would be too much to expect a course in 
geometry to be a connection uninter- 
rupted. However when the interruptions 
occur almost daily we cannot say we have 
even a degree of continuity. True, the 
daily work uses for basis of proof or sub- 
stantiating reasons, those facts previously 
learned, but it seldom aids the pupil in 
seeing the development of one idea into a 
more general one. Or of deducing from the 
general idea a more specific one. 

By continuity in geometry we mean, 
that relationship of one theorem to the 
next, what things do they have in com- 
mon, or better still what is the one factor 
which causes the second to be different 
from the first. This implies that all other 
factors are the same. It is not maintained 
that an entire course should be linked so 
closely together, but certainly there are 
many sets of problems and theorems 
where a single change has produced a new 
problem. It is a well established fact that 
the learning process is proceeding from the 
known to the unknown. We base our as- 
sumptions on those known facts which we 
interpret in the light of our past experi- 
ences. Since this is the case teaching plane 
geometry may be made not only easier 
but more effective by emphasizing con- 
tinuity. Very thorough analysis is some- 
times needed to bring out relationships 
which show eontinued development. How- 
ever the time devoted to such activity is 
well spent and both teacher and pupil are 
doubly repaid for their efforts. 

The purpose of this paper is to list a 
number of theorems found in the average 
plane geometry book and show their con- 
tinuity. In many instances it is impossible 
to teach such theorems during the same 
short period of time. This fact does not 
alter the value of continuity. In some 


Continuity in Geometry 


By Puiuip Peak 
Indiana University, Bloomington, Indiana 


cases time increases the value of it as a 
teaching aid. The solution of original ex- 
ercises is an example of continuity, if we 
analyze the problem in the light of those 
facts on which it is based. There will be no 
attempt to include problems in this paper 
because they vary a great deal and the 
process is similar to that of theorems and 
corollaries. 

Suppose we take for the first example 
the congruency theorems: 

1. If two sides and the included angle of 
one triangle are equal respectively to two 
sides and the included angle of another tri- 
angle, the two triangles are congruent. 

2. If two angles and the included side of 
one triangle are equal respectively to two 
angles and the included side of another tri- 
angle, the triangles are congruent. 

3. If three sides of one triangle are equal 
respectively to three sides of another triangle, 
the triangles are congruent. 

Here we have no continuity since either 
one is a complete fact or postulate in it- 
self. But if we look at the fourth congru- 
ency theorem namely: “two right triangles 
are congruent if the hypotenuse and adja- 
cent angle of one equals respectively the 
hypotenuse and adjacent angle of the 
other”; we find it to be a special case of 
number two. The conventional proof 
makes no mention of this since the student 
has not proved there are 180 degrees in all 
the interior angles of a triangle. To prove 
that the sum of the angles of a triangle 
equals 180 degrees we need parallel lines 
therefore the above theorem could well be 
postponed until that stage is reached. In 
the same manner we could show the fol- 
lowing theorems: 

1. Two right triangles are congruent if a 
leg and an adjacent acute angle of one equals 
respectively a leg and an adjacent acute 
angle of the other. 

2. Two triangles are congruent if two 
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angles and any side of one are equal respec- 
tively to two angles and any side of the other. 

The last congruency theorem namely, 
“Two right triangles are congruent if the 
hypotenuse and side of one are equal re- 
spectively to the hypotenuse and side of 
the other’; does not follow the pattern 
but is a special case of the fact that every 
point on the perpendicular bisector of a 
line is equidistant from the ends of the 
line. When studying the proposition this 
point should be pointed out regardless of 
which fact is studied first. 

The continuity involved in the quadri- 
lateral problems is fairly obvious. Begin- 
ning with the general quadrilateral and 
making changes one step at a time we can 
follow through the entire field as found in 
plane geometry texts. There will be some 
variation as to the definition of a paral- 
lelogram but the starting point makes 
very little difference if we base our further 
proof on the beginning. The general 
quadrilateral is a closed figure composed of 
four line segments. Change one side of it 
so that side is parallel to another and we 
have the trapezoid. Change one side of the 
trapezoid so opposite sides are parallel and 
we have the parallelogram. Change one 
angle of the parallelogram to a right angle 
and we have the rectangle. Likewise the 
square and rhombus may be gotten from 
the parallelogram and rectangle. The so- 
called parallelogram theorems can be de- 
veloped in order beginning with, ‘Either 
diagonal of a parallelogram divides it into 
two congruent triangles.’’ As each problem 
is developed the special condition of a 
rectangle, rhombus and square can be 
added to show how more conditions on the 
original figure gives a more specific picture 
of the result. A similar program can be 
followed with the converse of these the- 
orems. 

One of the best known examples of con- 
tinuity is found in circles and angles meas- 
ured by their arcs. The fundamental the- 
orem being, ‘‘An angle formed by two 
lines cutting a circle is measured by } the 
sum of the ares intercepted.” This in- 
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cludes all cases; central angles formed by 
two radii, inscribed angles formed by two 
chords, angles formed by a tangent and a 
chord, and angles formed by two chords. 
When we use the angle formed by two 
secants or a secant and a tangent the same 
theorem holds but positive and negative 
arcs must be used. This set also includes 
the theorem, ‘Parallel lines intercept 
equal arcs on a circle,’ because the angle 
between the lines is zero and the algebraic 
sum of the ares is also zero. 

Similar triangles give us a good example 
of growth. By going back to congruent 
triangles we can set up similar triangles 
with less restrictions. From this beginning 
we go through the Pythagorean theorem, 
Hero’s formula for the area of a triangle, 
and on to the law of cosines if you wish to 
carry it that far. Using similar triangles to 
prove, “‘The altitude to the hypotenuse 
of a right triangle is the mean proportional 
between the segments of the hypotenuse”’ 
and “either leg is the mean proportional 
between the whole hypotenuse and the 
adjacent segment.’’ This theorem can be 
used twice to probe the Pythagorean theo- 
rem and of course it is applied to special 
cases such as 30-60-90- and 45-45—90-de- 
gree triangles. Then we can continue this 
to the obtuse or acute triangle and get a 
similar theorem for the general triangle. 
The use of similar triangles opens a field 
of generalized theorems on the right tri- 
angle. That is the area of any figure on the 
hypotenuse is equal to the sum of the 
areas of two similar figures on the legs, 
let them be polygons, circles, semicircles 
or lunes. To find the altitude of any tri- 
angle in terms of its sides is merely a spe- 
cial use of the Pythagorean theorem and 
from the altitude it is but a short step to 
Hero’s formula for the area in terms of the 
sides of a triangle. 

Problems involving area can best be 
taught with emphasis on continuity since 
the basis of area is; the number of rows 
of squares and the number in each row. 
We usually think of it as the length times 
the width. We can use the formula A =lw 
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for all plane figures. The parallelogram 
can be compared by reducing it to a rect- 
angle. The triangle can then be shown to 
be equal to 4 the area of the rectangle by 
drawing the diagonal and showing the 
base the same and the altitudes equal. A 
‘trapezoid equals two such triangles which 
use the parallel sides for bases and having 
the same altitudes. In the case of the regu- 
lar polygon half the apothem times the 
perimeter is merely a case of adding all 
the triangles formed by drawing radii to 
the center from each vertex. The area of 
a circle then becomes half the apothem 
times the perimeter or one-half pi times 
the diameter times the radius. This is 
really a special case of A=lw since the 
triangle is based on the same. By including 
Hero’s formula for the area of a triangle 
which is a special case of A=lw we can 
find the area Of any broken line figure 
when its sides and diagonals are given. In 
the case of the approximate area of the 
sphere the same is true since it is propor- 
tional to the area of the great circle. A 
similar approach can be made to all prob- 
lems involving volume with the basic con- 
cept the cube or V=lwh. 

The problem of construction with com- 
passes and st. edge is always one of putting 
together in different ways a few funda- 
mental constructions. These can be listed 
as: constructing the circle, carrying a line 
of a certain length, bisecting an angle, 
dropping a perpendicular from a point to a 
line, and constructing an angle equal to a 
given angle. We can consider the perpen- 
dicular to a line at a point on it as bisect- 
ing a straight angle; bisecting a line as bi- 
secting an angle when the sides are equal 
and the vertex unknown; constructing 
parallels as constructing an angle equal to 
a given angle. We could continue this for 


all of the constructions used in plane 
geometry. 

The above illustrations showing con- 
tinuity in the theorems on congruency, 
quadrilaterals, inscribed angles, similar 
figures, areas and the simple constructions 
were not intended to be exhaustive or to 
be the only line of continuity running 
through these sets of theorems. The field 
of mathematics is not piecemeal, or com- 
posed of isolated bodies of knowledge 
therefore it is up to the teacher to show 
the field as a continuous one. The average 
student does not have a broad vision and 
he must be taken to the mountain top, 
now and then, so he can see a panoramic 
view of those items that appear to him as 
isolated facts. In this paper no plan was 
given for letting these illustrations lead 
from one into the other. This integration 
can be accomplished easily because no one 
block of knowledge is studied and then 
dropped. For example in most texts we 
study similar triangles then later the 
Pythagorean theorem and towards the end 
of the text Hero’s formula. There is a con- 
tinuity in this set of theorems but for other 
reasons they are set apart. But when each 
is taken we must recall what our original 
problem was and proceed from it. This 
allows a fine maintenance program, pro- 
vides spaced learning, enables the student 
to associate the new learning with that 
with which he is familiar and gives him 
another body of knowledge where the old 
helps the new and the new adds meaning 
to the old. In mathematics the most logi- 
cal of all science where the foundations are 
well laid and exceptions are very rare it 
would be a serious breach of trust if we 
as mathematics teachers did not help the 
students see the “forest’’ instead of just 
single “‘trees.”’ 


Why not each member of The National Council of Teachers of Mathematics give a 
friend a subscription to THz MatrHematics for Christmas? 
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Mathematics and Christmas 


By Kate 
Lewis and Clark High School, Spokane, Washington 


In DECEMBER, 1934 the large Christmas 
tree which always stood in the front hall 
of our high school each year was without a 
sponsor. The classes in solid geometry had 
been making some interesting models of 
star polyhedrons and a pupil in one of the 
plane geometry classes had turned in a 
decorated ornament based on plane five 
pointed stars. These two things inspired 
the plan to have the decorating of the tree 
sponsored by the mathematics depart- 
ment. The solid geometry class took the 
lead and made themselves responsible for 
placing the decorations on the tree and 
supplying the lighting as well as for mak- 
ing contributions of ornaments. Everyone 
joined in to help. Tablet backs and any 
pasteboard of medium weight were used 
in making the forms. The pupils who un- 
derstood geometric construction used that 
technique, the younger ones used pro- 
tractors and compasses. Stars of all kinds, 
crescents, tetrahedrons, long slim pyra- 
mids masquerading as icycles, and geo- 
metric snowmen were drawn and cut out. 
Pennies were collected to buy show card 
paint and tinsel and then the decorating 
began. The forms were painted with white 
show card paint and the tinsel was sprin- 
kled on while the paint was wet. The addi- 
tion of a little glue to the paint keeps the 
tinsel from dropping off and white kal- 


somine may be used instead of white show 
card paint. The tinsel is that used in let- 
tering advertising signs and can be se- 
cured at any paint store. It is not cheap, 
but the use of a white paint helps, as it 
adds reflective power and makes an eco- 
nomical use of tinsel possible. Children 
naturally like color and so they experi- 
mented with colored tinsel and colored 
paint but everyone agreed that the white 
and silver combination was most effective. 
The result of this combined effort of the 
pupils was a gorgeous tree. A member of 
the faculty laughingly said that for once 
the faculty of the school was unanimous 
about something. They all agree that this 
was the loveliest tree the school had ever 
had. Occasionally since, the department 
has sponsored a similar tree. It would grow 
to be an old story if it were done every 
year. 

However, practically every Christmas 
some class in the department has made a 
contribution to the decorations. One year 
a huge, sparkling blue, twenty pointed 
star polyhedron, with a shower of small 
stars hanging from its points, hung under 
the chandelier in the marble entrance hall, 
its blue blending with the blue markings 
of the marble. Every time the door was 
opened the stars swayed and sparkled, 
reflecting light from the lamps above. 


Tue First CarisTMas 
A Three Dimensional Frieze 
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Another year a large sparkling star 
polyhedron hung under each light in the 
front hallway. Some were based on the 
icosahedron and others on the dodecahe- 
dron. The solid geometry classes were al- 
ways active and in 1937 devised a di- 
oramic frieze effect to hang above the main 
entrance to the auditorium. They made 
the Christmas story their theme. The pu- 
pils worked out all the perspective for the 
houses in the town of Bethlehem and did 
all the construction work connected with 
the project. The electrician of the group 
devised a scheme for lighting the houses 
and the star. The whole thing was most 
effective. 

Through the years, many classes have 
made Christmas card bulletin boards and 
show case exhibits all using the white and 
silver geometric decorations combined 
with a blue background. The blue has been 
found most effective to bring out the 
beauty of the designs used. 

December 1943, furnished the real cli- 
max to these Christmas activities when 
the Associated Student Body asked the 
mathematics department to furnish some 
decorations for the Christmas trees at the 
two large military hospitals in the city. 
The Associated Student Body furnished 
the material and the department did the 
work. The result was the construction of 
over seven hundred decorations of all 
shapes and sizes. The pupils displayed 
amazing ingenuity in combining mathe- 
matical forms of all kinds. The algebra 
classes experimented with parabolas, the 
trigonometry classes with spirals and polar 
coordinate curves and freshman boys put 
their airplane modeling to use and pro- 
duced as good star polyhedrons as any 
upperclassmen ever made. Thus the pupils 
vied with each other to provide Christmas 


cheer for the men who had sacrificed to 
keep our Christmas inviolate for us. These 
decorations are packed away at the hospi- 
tals for use again next year. The Mathe- 
matics club sponsored the reproduction of 
part of them for an exhibit to be sent to 
Teachers College, Columbia University. 

All these projects have been fun; the 
pupils learned a great deal about mathe- 
matical construction; and the product in 
every case gave pleasure to all who saw it. 
For once the work of the mathematics 
department literally outshone that of all 
the others. 


A TWELVE-POINTED STAR POLYHEDRON 


In order to make this star polyhedron 
one must follow a rather difficult, compli- 
cated procedure. First, make a core which 
is based on a regular dodecahedron, which 
in turn is based on a pentagon having an 
edge of one inch. Then construct a com- 
pleted dodecahedron by gluing the edges 
of the faces together with a quick drying 
airplane glue. The next procedure is to 
construct twelve pyramids. To do this, 
draw a circle with a radius of three inches. 
Then on the circumference, mark off 
chords of one inch to correspond with the 
measurement of one edge of one pentagon. 
Now, with a pair of scissors, cut from the 
circumference line to the center so that 
there will be six faces. Using one of these 
faces for a flap, glue the two outer faces 
together. The pyramids will then have 
five faces, and the base of each pyramid 
should fit exactly onto a face of the com- 
pleted dodecahedron. Last, glue the bases 
of the twelve pyramids to the twelve faces 
of the completed dodecahedron. It takes a 
great deal of patience to make a star 
polyhedron, but when it is finished, it will 
be worth one’s admiration. 


In renewing her subscription to Tae Matnematics TEACHER, on November 14, 1944, Miss 
Alvena Louise Miller, of Algona, Iowa, said, “‘The November number of THe MATHEMATICS 
TEACHER was especially fine and this subscription has been on my ‘must’ list for some time. I would 
not feel that I could teach mathematics without this journal. I trust this will reach you before the 


December issue is sent out.’ 


We hope that all other members not only feel the same way, but that they will be as prompt in 


renewing their subscriptions.—T ae EpitTor. 
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The Duodecimal System 


By W. C. JANES 
Manhattan, Kansas 


In view of the fact that there seems to 
be a growing tendency toward the use of 
decimal notation in almost all lines of 
numerical computation, let us examine the 
possibility of a scheme which might be 
more useful than our present one. Our 
present method of representing numbers 
is based on 10. Probably this is due to the 
fact that we have two hands of five digits 
each, and that either consciously or un- 
consciously we use these digits to help us 
in making numerical calculations. Further- 
more, since the psychologists tell us that 
some sort of mustular reaction is associ- 
ated with almost every thought process 
which we perform, there are people who 
feel that we are merely a race of finger 
counters and that it would be folly ever 
to try to adopt any base other than 10. 
We agree that it would be premature seri- 
ously to recommend the adoption of any 
other base at the present time. But there 
is ample evidence that the world has long 
realized that 10 is not always the most 
convenient base. The dozen has been 
found useful in many ways; and though 
the foot may be a rather arbitrary unit of 
length, the fact that it is divided into 12 
equal parts is more likely due to the con- 
venience of 12 than mere accident. 

Let us further examine the possibilities 
of 12 as a base. We will find that in repre- 
senting fractions in decimal form it is 
more convenient than 10. However, to 
develop our idea, let us suppose that we 
were children free from numerical prej- 
udices due to training and experience. 
We would first learn to count. We would 
learn a dozen distinct symbols. These 
symbols would be somewhat as follows: 


0, 1, 2, 3, 4, 5, 6, 7, 8, 9, a t 
We would learn to say zero, one, two, 
three, four, five, six, seven, eight, nine, 
star, dagger. To us, being free of prejudice, 


star and dagger would be one-digit num- 
bers which were just as natural as any 
others of the set. But as a matter of fact 
we are somewhat startled at the suggestion 
that the numbers which are ordinarily 
called 10 and 11 should be labeled ‘‘star’’ 
and “dagger.” And it is not expected that 
star and dagger are really to be the names 
used if the duodecimal system is ever 
adopted. They are used merely because 
the writer did not wish to use Greek let- 
ters; neither did he wish to coin new sym- 
bols merely by writing some well known 
symbols backward or upside down. The 
problem of adopting a suitable symbolism 
will fall to future generations. 

Next, let us write the numbers in the 
“teens.’”’ But before doing so, we must be 
warned not to confuse the notation of our 
new system with the ordinary system. In 
our new system the number 10 means one 
dozen. 11 means one more than a dozen. 
12 means two more than a dozen, ete. 
The numbers in the teens are: 


10 11 12 13 14 
ten, eleven, twelve, thirteen, fourteen, 
15 16 17 18 
fifteen, sixteen, seventeen, eighteen 
19 


nineteen, starteen, daggerteen. 


The next number in the sequence is 20 and 
it means two dozens. We know how to count 
in the duodecimal system: 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, *, f, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 1*, 17, 20, ete. 


30 represents 3 dozens. 
40 represents 4 dozens. 


90 represents 9 dozens. 


90 in the new system is equivalent to an 
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ordinary 108. We also have “‘starty’”’ (*0) 
and “daggerty’’({0). *0 is equivalent to an 
ordinary 120. {0 is equivalent to an ordi- 
nary 132. 100 is equivalent to an ordinary 
144. Let us count from ninety through 
starty and daggerty to one hundred. The 
writer is somewhat embarrassed to allow 
the following peculiar names to appear in 
print, but he hopes for a tolerant attitude 
on the part of the reader. 


90 91 92 93 
ninety, ninetyone, ninetytwo, ninetythree, 
94 95 96 97 
ninetyfour, ninetyfive, ninetysix, ninety- 
98 99 g* 
seven, ninetyeight, ninetynine, ninetystar, 
ninetydagger, starty, starty one, startytwo, 
*3 *4 *5 *6 
startythree, startyfour, startyfive, starty- 
*8 *9 
six, startyseven, startyeight, startynine, 


Let us now indicate the nature of addi- 
tion. 
3+2=5 
4+3=7 
8+2=* 
6+5=f 
8+4=10 
7+6=11 
9+8=15 
t+*=19 
t+t=1" 


From this we see how arithmetic would be 
taught in the primary grades. It would be 
practically as easy to learn as the present 
system. The child would be required to 
master a few more elementary combina- 
tions than at present; but this would be 
more than offset by the advantage gained 
in later work. 

It is not necessary to discuss subtrac- 
tion. 

The nature of the following multiplica- 
tion table is self-evident. 


1 2 3 4 5 6 7 8 9 . t 10 
1 1 2 3 4 5 6 7 8 9 7 T 10 
2 2 4 6 8 FY 20 
3 3 6 9 10 13 146 19 2 23 26 29 30 
4 4 8 10 14 18 20 24 28 30 34 38 40 
5 5 * 13 #18 21 2 2t 34 30 42 £47 50 
6 6 10 16 20 26 30 36 40 46 50 56 60 
7 7 12 #19 2 32 36 41 48 538 5° 65 70 
8 8 14 20 28 34 40 48 54 60 68 74 80 
9 9 16 2 30 39 46 53 60 69 76 88 90 
° * 18 26 34 42 50 5* 68 76 84 92 *0 
t 1* 2 38 64 8 +0 
10 10 20 30 40 50 60 70 80 90 * 0 100 
+e aa | 70 As concerns division, we are somewhat 
startystar, startydagger, daggerty, dag- at a loss to discuss it until we thoroughly 
41 42 43 learn our multiplication table. However 
gertyone, daggertytwo, daggertythree, dag- let us divide 476 by 2. Remember that 
+4 +5 +6 476 =4(one dozen)?+7(one dozen)+6. 
gertyfour, daggertyfive, daggertysix, 2)476 | 
+7 48 239. 
daggertyseven, daggertyeight, daggerty- Another example: 
19 i* tt 3)530_ 
nine, daggertystar, daggertydagger, one- 193. 
100 Having learned how to use the integers 
hundred. in problems dealing with addition, sub- 
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traction, multiplication, and division, we 
will turn to the problem of fractions. Since 
one dozen contains so many more factors 
than the ordinary ten, it is in the work 
with fractions that the duodecimal system 
excels. This is shown by an examination 
of the tables which follow. In the table im- 
mediately below, the first column contains 
a list of ordinary fractions many of which 
are very common and some of which are 
not easily represented as ordinary deci- 
mals; the second column shows them as 
common fractions in duodecimal form; 
and the third column shows that they are 
fractions of one decimal place in the new 
system. 


Ordinary Duodecimal 


Common Common Duodecimal 

Fractions Fractions Equivalents 
1/12 1/10 
1/6 1/6 2 
1/4 1/4 3 
1/3 1/3 4 
5/12 5/10 5 
1/2 1/2 6 
7/12 7/10 
2/3 2/3 8 
3/4 3/4 9 
5/6 5/6 * 
11/12 +/10 


In the above table 1/5 is conspicuous by 
its absence. 1/5 is represented by the re- 
peating decimal .24972497 . 1/5 is less 
important than 1/3 and the writer be- 
lieves that its exclusion from the new sys- 
tem as a simple decimal is less important 
than the exclusion of 1/3 from our present 
system. Furthermore, for many practical 
purposes, to approximate 1/5 as .25 would 
be entirely satisfactory. At least, it is 
more accurate to say that 1/5=.25 than 
to say in the ordinary system that 1/3 
= .33. In the new system we might actu- 
ally be able to go over to a general use of 
decimals without introducing such hy- 


brids as 


1/3 = .33 1/3 


The following self-explanatory table 
lists some of the commoner fractions of 
two decimal places. 


Ordinary Duodecimal 
Common Common Duodecimal 
Fractions Fractions Equivalents 
1/144 1/100 
1/72 1/60 02 
1/48 1/40 .03 
1/36 1/30 04 
1/24 1/20 .06 
1/18 1/16 .08 
1/16 1/14 .09 
1/9 1/9 14 
1/8 1/8 .16 
2/9 2/9 .28 
3/8 3/8 .46 


We will not further illustrate the greater 
simplicity of the duodecimal system. As 
present customs and commercial pro- 
cedures are not well adapted to it, we do 
not advise an attempt to bring about its 
immediate adoption. But the carpenter 
already learns certain tricks of his trade 
which seem to be equivalent to the use of 
12 as a base. It is possible that an engineer 
familiar with the duodecimal system might 
prefer it provided he could get the other 
members of his profession to adopt it. 
Surely the financier and astronomer would 
not object to it, for it seems wiser to di- 
vide the year into 12 parts as nearly equal 
as possible than to attempt any other 
plan. The new scheme would fit into meth- 
ods of measuring angles as well as our 
present one, and it would be adaptable to 
the present method of measuring time in 
hours, minutes and seconds. 

In closing this discussion, we venture to 
suggest that if a committee were ever ap- 
pointed to study the possibility of a uni- 
form system of weights and measures to be 
used throughout the entire world with a 
view to the adoption of a system that 
would be nicely adaptable to decimal com- 
putation it might be well to investigate 
the possibilities of the duodecimal system. 
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Many teachers and _ textbook-writers 
have emphasized the importance of the 
formula in teaching algebra. But few have 
claimed that algebra is the study of for- 
mulas. Indeed it is difficult to find any 
algebra that can not be classified as the 
derivation, evaluation, manipulation or 
interpretation of formulas. The teacher, 
who fails to build his algebra course 
around the formula, also fails to give his 
pupil a clear idea of what algebra is. 

The pupil should see algebra as a kind 
of shorthand for stating relationships, 
that is, formulas. He knows, for example, 
that the area of a rectangle can be ob- 
tained by multiplying its length by its 
width: 

Area = length X width 

In the shorthand of algebra it becomes 
A=lw 


He may, however, object that this does 
not facilitate matters. Then teach him 
other formulas, for example, 


Area of a circle=3.14 r° 


4 
Volume of a tennis ball 147° 
He will not be able to dispute the useful- 
ness of such formulas. 


The following are other interesting for- 
mulas which the pupil should study: 


9 


d=16? 
s=32 t 


radius of the earth) 


The Formula—The Core of Algebra 


By J. VAN ZyL 
South Africa 


From beginning to end algebra is con- 
cerned with the formula: the interpreta- 
tion, evaluation, construction and manipu- 
lation of the formula. But if the teacher of 
algebra is to be a successful teacher he 
must use only real formulas, that is, for- 
mulas used in some sphere of our daily 
lives: in business, in geography, in farm- 
ing, in engineering, in electricity, in 
physics, in chemistry, in any of the many 
branches of industry and of the pure and 
applied sciences. 

Whenever a new formula is introduced 
the pupil should be given sufficient infor- 
mation about the field in which it is used, 
so that he will fully understand what he is 
doing and not get the feeling that he is 
merely juggling with the letters of the 
alphabet. 

We often forget the importance of pur- 
pose. Life without purpose is a day to day 
existence which can satisfy few people. 
This is true for children as well as for 
adults. Every little deed they do must be 
motivated, must lead somewhere. The 
Reader’s Digest of January, 1942 contained 
an article, “Crisis at the Kindergarten,” 
with a most graphic description of a bright 
girl who was found unable to button but- 
tons when sent to a school for superior 
children. She had to be taken away from 
tle school because she was judged to be 


(to change centigrade into Fahrenheit readings) 
(distance in feet that a stone will fall in ¢ seconds) 


(speed of stone after ¢ seconds) 


(distance of horizon from a point h feet above sea-level; r is the 


(amount, A, that a capital, C, will become in n years if it is in- 
vested at 1% compound interest) 
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subnormal. When her mother asked her 
at home why she did not button the but- 
tons she replied: ‘They didn’t button up 
anything. What’s the use of just buttoning 
and unbuttoning?”’ 

One often wonders what is the use of all 
the buttoning and unbottoning that is 
done in algebra from year to year: we add 
and subtract, multiply and divide, fac- 
torize and expand, remove brackets and 
insert brackets, integrate and differenti- 
ate; we simplify fractions and complicate 
fractions, we button and unbotton until 
we are mentally dazed, confused and 


stupefied. And then we say: mathematics 
develops the mind! 

There are sufficient interesting for- 
mulas if only we look around us; it is not 
necessary to use ‘‘nonsense” formulas as 
we still do so often. Let us button and un- 
button those formulas which can be ap- 
plied in the many different branches of in- 
dustry, economics and science. At present 
the various branches of warfare will sup- 
ply a multitude of interesting formulas. 

The algebra course might be introduced 


¢ \* 
A=C{1+— 
(1455) 


(compound interest) 


(distance to horizon) 


by the study and evaluation of formulas 
such as the following: 


A=lw (area of rectangle) 
(circumference of circle) 
A=bh (area of parallelogram) 
A=rr (area of circle) 
bh 
“= (area of triangle) 


F =—C+32 (conversion of centigrade to 
5 Fahrenheit readings) 


The pupil should be required to measure 
several circumferences and diameters and 


Area of circle 
= Area of parallelogram 
=arXr 


so find z, unless, of course, he has had 
opportunity to do it in the physical science 
course. The formula for the area of a circle 
should be found by dividing a circle into 
sectors, cutting them out and pasting them 
together to form a parallelogram as shown 
in the figure. 

After this I would continue with the in- 
terpretation and evaluation (that is, the 
use of) formulas which the beginner might 
find too difficult to construct himself. Exam- 
ples of such formulas are: 


(focal length of a lens) 
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n 
- [2a+(n—1)d] (sum of an arithmetical series) 


n 
“> (n+1) (2n+1) (sum of the squares of the first n natural numbers) 


=—rr 


t=2rA/ — 
g 


(volume of a sphere) 


(time of oscillation of a pendulum) 


A=jV(a+b+c) (b+c—a) (ct+a—b) (a+b—c) (area of a triangle with sides a, b, c) 


The pupil will be told that engineers use 
many formulas which they themselves 
cannot construct. But naturally they must 
know how to read and interpret such for- 
mulas. The language of algebra often is 
more important than the manipulation of 
algebraical expressions. 

The reader may object that so far the 
course which has been outlined here hardly 
contains any algebra. Evaluation of for- 
mulas, that is, substituting numerical 
values for letters of the alphabet, is little 
more than arithmetic. This may be true, 
but at the same time the pupil will feel 
that he is doing something worth while, 
and that he is not merely buttoning and 
unbuttoning buttons that button up 
nothing in particular. At this stage he will 
almost be ripe for some manipulation, but 
I would make doubly sure of my case by 
first requiring him to draw the graphs of 
some formulas. 

These will help him to understand how 
the different quantities represented by the 
symbols in the formula change under vary- 
ing conditions. He will probably be fa- 
miliar with the various methods of pre- 
senting statistics graphically, especially 
with bar and line graphs. These should be 
utilized to introduce him to the functional 
type of graph. 

Only then should the pupil learn how to 
manipulate formulas. He will find it useful 
to be able to change the subject. With easy 
formulas such as s=d/t he can use com- 


mon sense methods for deriving the cor- 
responding formulas d=st and t=d/s, 
but with more difficult examples he will 
soon learn to use the rule “whatever you 
do to the left hand side of the formula 
(addition, subtraction, multiplication, di- 
vision, etc.) do the same to the right hand 
side.” At this stage he learns something 
about simple equations and their use to 
solve problems. Every problem, of course, 
in its most general form gives a formula; 
if the values of all the variables excepting 
one are known; the formula becomes an 
equation. 

We can now briefly look at the rest of 
high school algebra (logarithms, brackets, 
indices, factorization, simplification of 
fractions, calculus) and see how it fits into 
the course as outlined above. 

When evaluating a formula such as 
A=C(1+7/100)* and n is large, the pupil 
will feel the need for some quick method of 
calculation. This is the psychological mo- 
ment for introducing logarithms. If cal- 
culating machines are available, the pupil 
can learn how to use them. He might even 
be taught the use of the slide rule. 

The compound interest formula can fur- 
ther serve as introduction to lessons on the 
use of indices, of brackets and of fractions. 
The pupil should look upon brackets and 
indices as shorthand devices. 

With a group of bright pupils the 
teacher might try to construct the com- 
pound interest formula. In connection 
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with this they will learn the relation 
a’+2ab+b?=(a+b)? and can study the 
binomial theorem if necessary. 

The calculus is necessary for deriving 
one formula from another e.g. S=32t¢ from 
d=16t?. This work will of course be re- 
lated to the work on graphs and the dif- 
ferential coefficient of a formula can be ex- 
plained as the gradient of the graph of the 
formula. 


371 


vides an interesting example of the use of 
formulas: Why does the bee make its cells 
six-sided and not triangular, square or cir- 
cular? A study of the accompanying figures 
and the table of formulas will show that 
the circle has the biggest area for a given 
perimeter and hence is most economical on 
beeswax. On the other hand space is wasted 
between the circular cells, hence the bee 
is forced to choose the hexagonal cell 


Triangles Squares Hexagons Circles 

’ Triangle Square Hexagon Circle 
Regular figures side ¢ side S side h radius r 
Formula for perimeter 3t 4s 6h 2ur 
Perimeter 12 12 12 12 
Formula for area J/3t? S? V 27h? ar? 

4 2 

Area 7 9 0.5 | 11.5 


The main point is that the pupil should 
never get lost in pages of manipulative ma- 
terial without feeling that he is doing 
something worth while. The formula will 
always provide this feeling of worth- 
whileness. In connection with this might 
be pointed out the danger of misusing 
workbooks. By themselves many work- 
books provide the worst form of buttoning 
and unbuttoning if used indiscriminately. 
But when they are used in connection 
with a central theme such as is provided 
by the formula, they become very useful 
teaching aids. 

A problem such as the following pro- 


cell which gives the next highest perime- 
ter-area ratio and wastes no space. 
Research workers in this field have come 
to the conclusion that in the teaching of 
algebra great care should be taken not 
to give too much time to sheer manipula- 
tion of symbols, and that more attention 
should be paid to the reading and inter- 
pretation of symbols. Such manipulation 
as is necessary, especially in the case of 
the future mathematics specialist who has 
to free his mind for more advanced work, 
should as far as possible take place in con- 
nection with meaningful formulas. 
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School Situations Vitalize Mathematics 


By Bertua WEIR PALMER 
Glen Rock Junior High School, Glen Rock, New Jersey 


In our 9th grade course in General and 
Commercial Mathematics the pupils have 
had an opportunity to “learn to do by 
doing.”’ The experiences which have arisen 
from the venture have made the course 
both profitable and enjoyable. The Glen 
Rock Junior High School has an enroll- 
ment of almost 300 pupils, of whom some 
twenty take this course in their 9th year. 
Much of the success of our undertaking to 
integrate the course with the business life 
of the school is due to a sympathetic and 
understanding principal, cooperative and 
friendly secretaries and the very helpful 
teacher in charge of the school cafeteria. 

We began our integration in the school 
cafeteria. The pupils learned to operate 
and take charge of the cash register. Each 
pupil was justly proud when the money 
was counted by another member of the 
class and the amount agreed with the 
total recorded by the cash register. Adding 
and subtracting for a hungry and impa- 
tient line of pupils is more real and trying 
than doing sums on a practice pad. This 
year one of our best cashiers was a boy 
who had been exposed to eight years of 
arithmetic without learning to add. 
Spurred on by a desire to be cashier he 
studied his combinations until he could 
really add. 

The need of accuracy and the necessity 
for careful recording were among the first 
lessons learned. The pupils were expected 
to count about thirty dollars each day. 
This came from two lunch periods, each 
of which was counted separately, recorded 
and then put in the cash box. At the end 
of the week, the total on hand plus the 
cash paid out for groceries had to balance 


with the amount recorded. At first it did 
not but they soon learned to be accurate 
and they knew why it was necessary they 
should be. At the end of the week, they 
also rolled the various coins, stamped the 
checks with the school stamp, made out 
the deposit slip and were taken with the 
money to the bank by the school secre- 
tary. At the bank the pupils had full 
charge of the money until it had been de- 
posited. For some of the pupils it was their 
first visit to a bank. 

The pupils also paid the cash grocery 
bills which necessitated their learning the 
value of a receipted bill. They kept a rec- 
ord of the bills paid by check through the 
school office. At the end of each month 
they balanced the cafeteria account and 
made out a statement for the school office 
and the cafeteria. This involved taking an 
inventory of the supply closet whose value 
ranged from $225 to $275 and gave some 
real practice in computation. Several prac- 
tical situations resulted from this experi- 
ence. One—When unpacking a carton of 
peanut butter, they found a broken jar. 
This had to be reported to the school office 
with a request that a letter be sent to the 
firm. The reply, that the cost of the jar be 
deducted from the bill, gave them an in- 
sight of how business operated. 

From the cafeteria money the pupils 
cashed small checks for faculty members 
and made change for those desiring it. A 
counterfeit coin in the cafeteria money in- 
troduced that topic. A very interesting 
sound film, ‘‘Know Your Money,” was 
obtained from the Treasury Department 
which was very educative and enjoyable. 

The second venture resulted from an ex- 
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planation of the school’s bookkeeping sys- 
tem by the school secretary. She showed 
the pupils how the fourteen different 
school accounts merged into one checking 
account at the bank. During the discus- 
sion that followed, it was decided that 
each pupil would keep a duplicate book of 
his own of these accounts and try to bal- 
ance with the bank each month. This also 
involved a study of checks to see why they 
were valuable, safe and convenient. Each 
pupil kept a record of the number, date 
and amount for which each check was 
drawn. He also kept a record of the de- 
posits. That this gave excellent practice 
which challenged each youngster is shown 
by the amount of work required every 
month. The number of checks written 
during a month varied from 24 to 51. 
One month the credits were $2820.00 and 
the expenditures were $2348.13. Each 
pupil who did check with the bank had a 
right to feel he had done a very good piece 
of work. Outstanding checks and bank 
service charge had a very real meaning 
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to these pupils. They knew what it meant 
when an account was in the red. This hap- 
pened each month to one or more ac- 
counts. Since the bank handled them as 
one account the reds were carried by the 
others and they in their turn helped to 
carry some other account. It was neces- 
sary to stop payment on one check so they 
had an opportunity to learn the process 
and the bookkeeping involved. They also 
had first hand experience with a certified 
check. 

One group of these pupils returned five 
days after their graduation to take inven- 
tory of the cafeteria stock room and make 
the final cafeteria report. A second group 
returned ten days later to balance the 
school accounts for the fiscal year 1943- 
1944. These are but two of many incidents 
that occurred to show how much interest 
they had in their work and how well they 
enjoyed it. How would you rate their re- 
sponsibility for seeing a task to its con- 
clusion? 


United Nations Education Kit Available to Schools 


In the belief that education must play an increasing role in forging world understanding, the 
U. S. Office of Education has cooperated with the United Nations Information Office in the prepara- 
tion of a United Nations Education Kit, John W. Studebaker, U. S. Commissioner of Education, 


announced today. 


Teaching materials and visual aids in the kit may be used with high school or college classes as 
the basis for a unit of study on the United Nations. The kit may also be effectively used with adult 


clubs and discussion groups. , 


Each kit contains a reprint of “Building a United World,” a study guide on the United Nations 


in war and peace, originally published in the September 20 edition of “Education for Victory’; 
15 copies of “The United Nations Today and Tomorrow,” 15 copies of ‘‘The United Nations— 
Peoples and Countries’’; and large picture charts. 

“The United Nations Today and Tomorrow” provides material for study organized under five 
headings: Who are the United Nations; Forerunners of the United Nations; How the United Na- 
tions Came into Being; How the United Nations Cooperate in War; and How the United Nations 
Cooperate in Peace. ““The United Nations—Peoples and Countries’’ discusses each of the 37 nations 
in terms of geography, history, cultural uniqueness, political system, economy, and wartime role. 
Student activities, supplementary readings, and discussion questions are included in the “Edu- 
cation for Victory” reprint. 

“The winning of the peace demands a citizenry trained to clarify its ideas on the problems of a 
rapidly shrinking world,’’ Dr. Studebaker said. “Education for world understanding should begin 
in our schools.” 

The United Nations Education Kit may be purchased for $3.50 from the United Nations In- 
formation Office, 610 Fifth Avenue, New York 20, New York. It is estimated that a sufficient num- 
ber of copies of the pamphlets are included in each kit to make use of the kit practicable for groups 
of approximately 30 students. Additional copies of the materials may be purchased for use with 
larger classes. 
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IN OTHER PERIODICALS @ 


By NatTHAN Lazar 
Midwood High School, Brooklyn 10, New York 


The American Mathematical Monthly 
1944, vol. 51, no. 7. 
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. Wylie, Jr. (G. Bx, “Hilbert’s Axioms of Plane 
Order,” pp. 371-376. 
J. W., “Motion with Respect to 
Moving Axes,” pp. 377-381. 
“The Geometric Method in 
Mathematical Statistics,’’ pp. 383-389. 
“More Modified Series,’ 
p. 389-391. 
fenger, Karl, “On the Teaching of Differ- 
ential Equations,’’ pp. 392-395. 
Ford, L. R., ‘More Geographical Ques- 
tions,”’ pp. 396-398. 
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“On Trisecting an 
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. War Information: University of California 


ESMWT Program for Industry; Notes on 
the Navy V-12 Program; Deferment of 
Mathematicians Ages 26 Through 37; Code 
for Students on Form 42-A Special; The 
AST Reserve Program; Activities of the 
Committee on War Training Programs (by 
William L. Hart); Report on Mathematics 
in the V-12 Program; Summary of Recom- 
mendations, pp. 415-429. 
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the Collineations in the Plane,” pp. 11-20. 
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“An Experiment in Se- 
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Measuring Their Achievement by Common 
Examinations,” pp. 27-32. 
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One,”’ pp. 33-35. 

“Note on the Teaching of 
Mathematical Induction,’ p. 36. 
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Theorem,” 


Reynolds, B., “On Interpreting a 
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School Science and Mathematics 
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Keso, Edward E., “The Relationship of 
Mathematics and Geography,” pp. 598-600. 
Jerbert, A. R., “Think of a Number,” pp. 
624-628. 

Hewitt, Glenn F., “Advertising Solid Ge- 
with Spectacular Topics,” pp. 633— 
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Nyberg, Joseph A., ‘‘Notes from a Mathe- 
matics Classroom,” pp. 668-671. 
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pp. 232-236. 

‘‘Pascal’s Formula for the 
Sums of Powers of the Integers,’’ pp. 237- 
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Methods in Modern Mathematics,” pp. 
245-255. 

“A New Manuscript 
of a Rithmomachia,” pp. 256-264. 
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. Zant, J. H., 


Mathematics and Science Taken in High 
School,” School Review, 52: 406-412, Sep- 
tember, 1944. 

“Remedial Arithmetic,” 
High Points, 26: 40-44, June, 1944. 


. Bryan, N. R., “Improving the Mathematics 


Preparation for Specializing in Technical 
and Scientific Fields,’’ Journal of Engineer- 
ing Education, 34: 664-668, June, 1944. 
“‘Mathematics—Queen 
and Handmaiden,” School and Society, 60: 
241-243, October 14, 1944. 
“Interesting Approach to 
Geometry,” School (Secondary Edition), 33 
54-57, 1944. 

, “Next Class— Mathematics,” 
Scho Edition), 33: 50-53, Sep- 
tember, 1944. 


. Rankin Jr., W. W., “‘Platform for Secondary 


Mathematics,’’ Education for Victory, 3: 26, 
September 4, 1944. 
“Meaning of the Meaningful 
Teaching of Arithmetic,’’ Elementary School 
Journal, 45: 23-32, September, 1944. 
“Mathematics in the Army 
Training Program,” Journal of 
Education, 34: 703-706, June, 
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If any of your senior high school 

pupils (either scientifically or artis- 

tically inclined) have ambitions for 

a career in the synthetic textiles in- 
dustry, they should know about the Textile School of Rhode Island School of Design 
and the Textron Fellowships. 

The school offers courses in textile engineering for the Bachelor of Science degree, 
and a course in textile design for the Bachelor of Fine Arts degree. The students may 
major in any branch of the textile industry they desire. 

During the senior year, students may compete for a Textron Fellowship which 
is awarded immediately after graduation, and which consists of a full year’s prac- 
tical training in manufacturing plants and commercial establishments in all phases 
of synthetic textiles, from spinning to designing to department store selling. 

The Fellowships are sponsored by Textron, Inc., but after completion of the 
course, students may negotiate for employment 


with anyone. T r N 
Details are contained in a free booklet, , 

“Textron Fellowships,’’ which will be mailed 

on request. Write to: Director of Admissions, 

Rhode Island School of Design, 8-A College 


Street, Providence 3, Rhode Island. SPONSORED BY 
TEXTRON INC., PROVIDENCE 


Something New! 


“PLASTIC-PLATED” 
GRAPH-CHARTS 


50” by 38” 
with Metal Eyelets for Hanging 
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_ You Write With Wax Crayons and Erase with Dry Cloth 


Ruled in one inch squares with every fifth line heavier. Space down left hand side for name 


abscissa, legends, etc, Used in arithmetic, algebra, physics, ec Ss, CO rcial geography, industri 
— agriculture, domestic science and for contests. rds of Education meetings, attendance records, 
e 


Printed in black on a clear white background, 


The transparent plastic surface provides a writing surface of glass-like smoothness on which 
one may write or draw with wax crayons. 


The surface can be wiped clean and white with a soft dry cloth as frequently as desired. Wash- 
able inks can be used and removed with soap and warm water. 


hey are mounted on 4” laminated mounting boards and are durably bound with extra heavy 
tape. The outlines are beneath the plastic surface so they do not wear off. 


No. 21 Graph—Plain. H graph on one side and PRICES—$6.75 Each plus Transportation 
plain white “plastic one ‘ace on other side. (You 


can your own charts on this with India ink.) Ideal crayons—Box of 5 colors (best to 
No. 22 Graph—Graph. Has graph charts on both sides. use) 35¢ 


ex 260, Modern School Products. onic 
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SCHORLING-CLARK-SMITH 
FIRST-YEAR ALGEBRA 


An algebra that has its beginning in general arithmetic—Pupils realize 


that they are working with numerical relationships. 


Concepts and principles are developed inductively—Pupils are 


led to an understanding of meanings. 


An algebra that gives an abundance of drill—Mastery of techniques 


is made sure through continued practice and application. 


An algebra that presents a practical course—Pupils are led to 


see the reasons for studying the subject. 


Problem-solving is presented as a form of analysis—Pupils are asked 
to assume an answer to a problem before solving it—In checking the 


solution they become aware of algebraic relationships. 


An algebra that is the result of years of careful experimentation 
—Experience shows that the approach through general arithmetic 


is effective. 


"As one would expect from such outstanding mathematicians and 
teachers, the book is a simple, clear, and teachable text based on 
sound pedagogical principles."'"—Lillian C. Niemann, George Wash- 
ington High School, Indianapolis, Indiana, in School Science and Mathe- 


matics. 


WORLD BOOK COMPANY 


Yonkers-on-Hudson 5, New York 2126 Prairie Ave., Chicago 16 


Please mention the MaTHEMATICS TEACHER when answering advertisements 
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Second Printing, Revised Ed., 319 p. $3.00 


MATHEMATICS DICTIONARY 


“This new dictionary covers completely the vocabulary of mathematics from Arithmetic 
through Integral Calculus. All terms are clearly defined in language suited to the grade 
level of the students using the terms. Illustrative examples and figures appear frequently 
to further clarify the definitions. The excellent cross references are a strong feature. 


“This book should find a place in the library of every High School and Junior College as 
well as on the desk of every teacher of Mathematics in these schools. It provides, in a single 
volume, the technical vocabulary of mathematics covered by eight or more separate text- 
books in the field. The advantage of such accessibility is self-evident.” 

—James W. Hoge, supervisor of the Teaching of Mathematics, University High School, 

Oakland, California. 


A High School librarian in Maryland writes: 


“Please send us two copies of the ‘Mathematics Dictionary,’ revised edition, by James & 
James, at your earliest convenience. 


“The first copy received a few weeks ago has filled so great a need in our school that 
the mathematics instructors think we should have two more copies.” 


Educational discount 15%, $2.55 net, to schools and teachers. Order or inquire from 


THE DIGEST PRESS, Dept. 2d, Van Nuys, California 


Suggested for Second Semester Classes« 


W. L. HART’S 
Plane Trigonometry with Applications 


The trigonometry of the acute angle and logarithms 
are presented before the general an, le. Emphasizes 


numerical applications and timely military and naval 
problems. 


W. W. HART’S 
Progressive Solid Geometry, Second Edition 


Provides for a minimum course forming a natural 
sequence, or for a longer, more interesting course for 
students who have time to include the optional topics. 
Discussion of maps and charts. 


L. E. MOORE’S 


Elementary Avigation, Pre-Flight Training 


Presents the general principles of flying followed by 
an elementary treatment of instruments, meteorology, 
contact flying, dead reckoning, radio navigation, and 
celestial navigation. 


D. C. HEATH AND COMPANY 


Boston New York Chicago Atlanta San Francisco Dallas Lendon 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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A wartime speed-up book: 


"ray GEOMETRY UNIT 


Outdoor as well as classroom work in indirect measurement activities is recom- 
mended as part of the wartime mathematics program for junior and senior high 
school pupils. The Boyce-Beatty GEOMETRY UNIT offers a whole semester of | 
introductory or practical geometry based upon indirect measurement projects. 
These include the principles used in artillery range-finding and elevation-estimating, 
the army-engineer problem of determining the width of a river, the making of 
plane-table field maps, etc. 


The GEOMETRY UNIT includes a 6-week introductory ALGEBRA UNIT... 
clear, easy to grasp. Here is the speed-up book that in one semester will give pupils 
such an understanding interest in geometry and algebra that they will move at 
wartime speed in their formal mathematics courses! 


30-day free examination—Net prof. price 77¢ 


INOR PUBLISHING CO. 


For Wartime Expansion 


in Physical Ed. TEACHING | | | 
Now thet physical education is getting more time A T H a E T I C 


on the school program, you'll need this first book 


ever published on the teaching of athletic skills, and 

its 215 skills-games descriptions! ~ K I 8 L -~ 
ge ATHLETIC SKILLS takes the in- 
dividual skills of each of 8 sports, and offers com- in Physi cal Educ ation 


petitive games built around those skilis. For each 
sport there are an average of 27 coordinated skills 


games and activities. In playing these exciting special- By Henry C. Craine 
ized games, pupils learn to improve their perform- F 
ance in the sports, and get the big-muscle exercise oreword by Dr. Jay B. Nash 


that conditions them for wartime. These games can 
be used in large or small space, with few or many 
participants. 


THIS BOOK i 
The 7 chapters of Part I, based upon the author’s was prepared for instructors of both 


many years of experience, deal with overcoming the boys’ and girls’ physical-education classes in junior 


problems of a skills-game program, its organization, or senior high schools. The 215 competiti kill 
administration, and teaching. Order this book for 10- . a 
day free examination! games cover soccer, touch football, basketball, vol- 


leyball, softball, track and field, golf, and tennis. 


10-day free examination 


215 competitive skills Net prof. price $2.20 


games, with scoring, for 


hi h individual 


207 Fourth Ave., New York 3 
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16th Yearbook 


of the 
National Council of Teachers of Mathematics 


ARITHMETIC 
IN GENERAL EDUCATION 


The Final Report of the National Council Committee on Arithmetic 


Recently voted one of the sixty best educational books of 1941 


A redirection of arithmetic instruction toward meaningful comprehension on 
the part of the pupil, from his early years through the high school. Enrich- 
ment in the theoretical and practical phases of arithmetic is supplemented 
by substantial bibliographies of references and research studies. 


CONTENTS 


I. Introduction. By R. L. MorTON. 
II. The Function of Subject Matter in Relation to Personality. By G. T. BuswB1L. 
III. Curriculum Problems—Grade Placement. By BEN A. SuBLTZ. 


IV. Arithmetic in the Early Grades from the Point of View of Inter-Relationships in the Number 
System. By C. L. THIELE. 


V. A Theory of Instruction for the Middle Grades. By Harry G. WHEAT. 
VI. Arithmetic in the Senior High School. By Harry E. Benz. 
VII. The Social Phase of Arithmetic Instruction. By Leo J. BRUBCKNER. 


VIII. Utilizing Supplementary Materials and Devices in the Enrichment of the Arithmetic Course. 
By IRENE SAUBLE. 


IX. What Becomes of Drill? By B. R. BUCKINGHAM. 
X. The Evaluation of Learning in Arithmetic. By WiLtiAM A. BROWNELL. 


XI. Recent Trends in Learning Theory: Their Application to the Psychology of Arithmetic. By 
T. R. MCCONNELL. 


XII. Questions for the Teacher of Arithmetic. By F. Lynwoop Wren. 

XIII. The Interpretation of Research. By WittiAM A. BROWNELL and Fostrgr E. GRossNICKLE. 
XIV. One Hundred Selected Research Studies. By LorENA B. STRETCH. 

XV. One Hundred Selected References. By E. A. BOND. 


Price, $1.75 postpaid. 


BUREAU OF PUBLICATIONS 
Teachers College - Columbia University - New York 
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17th Yearbook 


of the 
National Council of Teachers of Mathematics 


A SOURCE BOOK 
OF MATHEMATICAL APPLICATIONS 


Compiled by a Committee of the National Council of Teachers of Mathematics 


This volume has been prepared to meet the need for a broader knowledge of direct 
application of mathematical principles. It provides a valuable reference book for teachers 
of the mathematics usually offered in grades seven through twelve. 


The four sections—Arithmetic, Algebra, Geometry, and Trigonometry—are treated 
according to mathematical topics alphabetically arranged. The numerous applications 
under each topic are conveniently listed according to number. Hundreds of illustrations 
ARITHMETIC 


Angle. Average. Compound numbers. Decimals. Decimal point. Denominate numbers. Equa- 
tions. Exponents. Formulas. Fractions. Fundamental operations. Graphs. Installment buying. 


CONTENTS 


Insurance, Interest. Measurement. Mensuration. Metric units. Numbers. Per Cent. Proportion. 
Ratio. Scale drawing. Squaring a number. 

ALGEBRA 
Formulas. Fractional equations. Graphs. Linear equations. Progressions. Quadratic and other 
equations. Variation and Proportion. 

GEOMETRY 


Angle, bisector. Angle, polyhedral. Angles. Areas. Circle. Cones. Conic sections. Diagonals. 
Geometric drawings. Geometric Forms. Geometry construction. Golden section. Great circles. 
Locus. Parallel lines. Parallelograms. Proportion. Pythagorean theorem. Rectangular solids, Regu- 
lar polygons. Similar triangles. Spheres. Spherical angles. Spherical triangles. Straight lines. Sym- 
metry. Tangents. Triangles. Trisection of an angle. Volumes. : 

TRIGONOMETRY 


Angles. Cosine function of twice an angle. Cosines, laws of. Cosine ratio. Cotangent ratio. Radians. 
Sine curves. Sines, law of. Sines and cosines, laws of. Sine ratio. Sine, versed. Tangent ratio. 
Trigonometric functions. Trigonometric manipulations. Trigonometric tables. Trigonometry and 


calculus. 
$2.00 postpaid 


BUREAU OF PUBLICATIONS 
Teachers College Columbia University New York 


Please mention the MarHematics TgacHer when answering advertisements 
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